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ABSTRACT 
The information generated on the effects of feeding and 
nutritional strategies on fish growth has been compiled in the form 
of this thesis. Part I of the thesis contains information on 
developing fishmeal-free diets for fingerling rohu, Labeo rohita 
(Hamilton), and strategies to rear the fish to marketable-size. Part 
I I deals with the effects of varying levels of dietary protein on 
growth, reproductive performance, body and egg composition in L. 
rohita and grass carp, Ctenopharyngodon idelia (Valenciennes). 
This section also contains information on the impact of polyhouse 
rearing during winter on attainment of maturity in carps {L. rohita; 
C. idefla; Catfa cat/a Hamilton; f-fypophthaimichthys molitrix 
Valenciennes). 
A 56-day feeding tr ial was conducted to evaluate the 
growth, feed uti l ization and body composit ion of f ingerling rohu, 
Labeo rohita (4.5 ± 0.2 cm; 2.58 ± 0.04 g), fed diets 
containing oilseed meals [soybean meal (SBM); groundnui: meal 
(GNM); canola meal (CM)], with or without fishmeal (FM). Five 
isonitrogenous (35% CP) and isocaloric (3.75 kcal g*^ 
metabolizable energy) diets were formulated. Fish were stocked 
in 55-L water capacity indoor polyvinyl f low-through (1-1.5 L 
min"^) tanks, in tr ipl icate, and fed, twice daily (0900 and 1700 
h), to apparent satiat ion. Per cent live weight gain and specific 
growth rate (SGR %) were significantly higher {P < 0.05) in fish 
fed diet I (FM), followed by fish receiving diets I I (SBM) and V 
(FM + SBM + GNM + CM). Fish fed diets I I I (GNM) and IV (SBM 
-I- GNM + CM) exhibited significantly lower values for these 
parameters. Feed conversion ratio (FCR) was better (P < 0.05) 
in fish fed diets I and I I . Protein efficiency ratio (PER) followed 
the pattern similar to that of FCR. Proximate composit ion of fish 
carcass showed that crude protein was higher {P < 0.05) in fish 
fed diets I, I I and V. Fish fed diet IV showed higher (P < 0.05) 
fat content, while lower fat was found in fish fed diets I and 11. 
Maximum {P < 0.05) ash content was obtained in fish fed diet 
I I I and min imum in fish fed diet I I . Moisture content did not 
vary significantly (P > 0.05) among dietary groups. Results of 
70-day growth trial conducted to observe the effects of gradual 
replacement of FM with 5BM in diets for f ingerl ing L. rohita 
revealed comparable (P > 0.05) growth, feed uti l ization and 
carcass composition among fish of different dietary groups. 
A 122-day growth trial was conducted to observe the impact 
of polyhouse in winter, on growth, conversion efficiencies and body 
composition of fingerling L. rohita (7.9 ± 0.8 cm; 4.60 ± 0.02 g). 
Fish were stocked (15000 ha"^) in polyhouse and outdoor concrete 
tanks (250 m^), in duplicate, and fed compounded diet (35% CP) 
to apparent satiation, twice daily, at 0900 and 1700 h. Natural 
photoperiod was maintained during the trials. At the end of the 
tr ial, polyhouse-reared fish produced significantly (P < 0.01) 
higher values for weight increment, SGR, PER and protein 
deposition and better FCR. Fish reared in polyhouse showed higher 
(P < 0.05) crude protein and fat, and lower (P < 0.05) moisture 
and ash contents in their muscle. Polyhouse-reared young L. rohita 
(21.7 ± 1.1 cm; 127.8 ± 0.69 g) were raised to marketable-size in 
outdoor earthen ponds (500 m^), at a stocking density of 3700 ha' 
^ to examine the effects of feeding traditional feed mixture and 
compounded diet (30% CP) on growth and body composition of 
fish. L rohita fed compounded diet showed higher (P < 0.01) 
values for weight increment, SGR, PER and protein deposition, and 
better (P < 0.01) FCR than those fed traditional feed. Proximate 
composition of muscle showed higher (P < 0.05) crude protein and 
fat, and lower {P < 0.05) moisture and ash contents in fish fed 
compounded diet. 
A 360-day feeding trial was conducted to observe the 
influence of varying levels of dietary protein on growth, 
reproductive performance, body and egg composition of rohu, 
L rohita. Twenty fish (40.4 ± 0.24 cm; 852 i 4.9 g), stocked 
in outdoor concrete tanks (200 m^), in duplicate, were fed diets 
with varying levels (20, 25, 30, 35 and 40%) of protein. Fish 
were fed to apparent satiation, twice daily, at 0900 and 1700 h. 
Higher (P < 0.05) weight increment was discernible in fish fed 
30, 35 and 40% CP diets than those receiving 20% CP diet. GSI 
was comparable (P > 0.05) among different dietary groups, 
excepting 20% CP. Similarly, egg diameter remained unaffected 
{P > 0.05) by variations in levels of dietary protein. Relative 
fecundity was maximum (P < 0.05) in fish fed 25 and 30% CP 
diets and minimum (P < 0.05) in those receiving 20% CP diet. 
With the exception of fish fed 20% CP diet, fertilizability (%) 
remained unaffected (P > 0.05) by variations in dietary protein 
level. Hatchability (%) followed the trend of variations almost 
similar to that of fertilizability. Muscle protein was higher (P < 
0.05) in fish fed 30, 35 and 40% CP diets, while fat content was 
comparable (P > 0.05) among different dietary treatments, 
excepting at 20 and 40% CP diets, which produced lower and 
higher values, respectively. Muscle ash content was comparable 
(P > 0.05) among fish of different dietary groups. Moisture 
content decreased with increasing dietary protein level. Protein 
content in the eggs was comparable (P > 0.05) among different 
dietary treatments, excepting in groups fed 20 and 40% CP 
diets, which exhibited significantly (P < 0.05) lower and higher 
values, respectively. The eggs showed comparable (P > 0.05) 
values for moisture and fat. 
Effects of feeding hydrilla, and formulated diets with 
varying protein levels, were examined on the growth, 
reproductive performance, body and egg composition in grass 
carp, Ctenopharyngodon idella. Five experimental diets, with 
varying levels (20, 25, 30, 35 and 40%) of crude protein, were 
used. One of the fish groups was fed on hydrilla. Pish (44.1 ± 
0.3 cm; 913 ± 9 g) were stocked (20 tank'^) in outdoor 
concrete tanks (200 m^), in duplicate, and fed to apparent 
satiation, twice daily, at 0900 and 1700 h. Fish fed 30 and 35% 
CP diets produced significantly (P < 0.05) higher weight 
increment than those fed hydrilla. Fish groups receiving 20% 
CP diet recorded the lowest weight increment. Higher (^ < 
0.05) GSI were observed in fish fed 25, 30, 35 and 40% CP 
diets. Lowest (P < 0.05) GSI was recorded in hydrilla-fed fish. 
Egg diameter in fish fed formulated diets, with varying protein 
levels, was comparable (P > 0.05). Hydrllla-fed fish exhibited 
smaller egg diameter, in comparison to those fed 30 or 35% CP 
diets. Relative fecundity showed insignificant (P > 0.05) 
variation among fish receiving formulated diets. Lower (P < 
0.05) relative fecundity was observed in hydrilla-fed fish. 
Higher (P < 0.05) fertilizability (%) was noted i." fish receiving 
25, 30, 35 and 40% CP diets. Fish fed hydrilla exhibited lowest 
(P < 0.05) fertilizability, comparable to the value obtained in 
fish receiving 20% CP diet. Hatchability (%) followed the trend 
of variations almost similar to that of fertilizability. Crude 
protein content in muscle increased with dietary protein level. 
Muscle protein was higher (P < 0.05) in fish fed 35% CP diet. 
Hydrilla-fed fish produced lowest (P < 0.05) value for crude 
protein. I^uscle fat was comparable (P > 0.05) among fish 
receiving formulated diets. Higher (P < 0.05) fat content was 
observed in fish fed hydrilla. Ash content did not vary 
significantly (P > 0.05) among fish of different dietary groups. 
Moisture content in fish fed formulated diets, with the exception 
of 20% CP diet, varied insignificantly (P > 0.05). Crude protein 
content in eggs was higher (P < 0.05) in fish fed 25, 30, 35 and 
40% CP diets and lower (P < 0.05) in fish receiving 20% CP or 
hydrilla as diet. Fat content in the eggs of hydrilla-fed fish was 
comparable (P > 0.05) with the values obtained for other 
dietary groups, excepting 35% CP. Higher (P < 0.05) moisture 
content was noted in the eggs of hydrilla-fed fish. Fish fed 35 
and 40% CP diets exhibited lower (P < 0.05) moisture than 
those fed hydrilla. 
Impact of polyhouse was examined on ovarian maturity, 
growth, muscle and egg composition in Indian major carps 
{Labeo rohita; Cat/a catia) and Chinese carps 
[Ctenopharyngodon idella; Hypophthalmichthys molitrix) during 
winter. Eight females (2+ age group) of each species, were 
stocked in polyhouse and outdoor concrete tanks (250 m^), in 
duplicate. Fishes were fed formulated diet (30% CP) to 
apparent satiation, twice daily, at 0900 and 1700 h. The trial 
lasted 122 days under natural photoperiod. Water temperature 
ranged between 19.0 ± 0.61 to 30.0 ± 0.98 °C in polyhouse 
and 14.8 ± 1.2 to 25.2 ± 0.84 °C in outdoor tanks. Weight 
increment and gonadosomatic index (GSI) were significantly (P 
< 0.05) higher in polyhouse-reared L. rohita and C catla. Total 
number of eggs/fish obtained in L. rohita from polyhouse and 
outdoor tanks were insignificantly {P > 0.05) different. 
However, higher (P < 0.05) egg counts were recorded in C. 
catia from polyhouse. Number of eggs/g body weight was 
comparable {P > 0.05) for the two species reared in polyhouse 
and outdoor tanks. Egg diameter was larger (P < 0.05) in 
polyhouse-reared Indian major carps. Polyhouse-reared 
Chinese carps exhibited higher (P < 0.05) weight increment and 
GSI. However, insignificant (P > 0.05) variation was noticed for 
total number of eggs/fish and number of eggs/g body weight in 
these fishes from both the polyhouse and outdoor tanks. Egg 
diameter was larger (P < 0.05) in polyhouse-reared C idella 
and H. molitrix. I t was seen that Chinese carps attained 
maturity about 2 weeks earlier than the Indian major carps. 
The stage of oocyte maturation varied between fishes reared in 
the two culture systems. Polyhouse-reared fishes possessed 
most oocytes (>70%) at migrating germinal vesicle stage, 
while those reared in outdoor tanks exhibited these at the 
central germinal vesicle stage. Muscle protein and fat contents 
were higher (P < 0.05) in polyhouse-reared Indian major carps. 
Ash content in muscle was comparable (P > 0.05) in L. rohita 
from both the tanks, but lower (P < 0.05) in polyhouse-reared 
C. cat/a. Moisture content in the muscle of polyhouse-reared 
Indian major carps was lower (P < 0.05). Muscle protein 
content was higher (P < 0.05) in polyhouse-reared C. idella but 
comparable (P > 0.05) in H. molitrix from the two tanks. These 
fishes contained significantly (P < 0.05) higher fat content 
when reared in polyhouse. Fishes from both the tanks showed 
comparable (P > 0.05) ash content in their muscle. Muscle 
moisture was significantly (P < 0.05) lower in polyhouse-reared 
Chinese carps. Polyhouse-reared Indian major carps and 
Chinese carps exhibited higher protein (P < 0.05) and fat (P < 
0.01), and lower (P < 0.01) moisture contents in their eggs. 
On the basis of the above findings, it may be concluded that 
soybean meal could replace fishmeal in diets for L rohita, and 
compounded diet could be used to rear the fish to marketable-size. 
Broodfish (/.. rohita and C. idella) require a minimum of 25% 
dietary protein for improved reproductive performance. Polyhouse 
can be used during winter for achieving higher growth and 
advancement in the attainment of maturity in carps (/.. rohita) C. 
cat/a; C. idella) H. mo/itrix). 
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GENERAL INTRODUCTION 
GENERAL INTRODUCTION 
Farmed fish account for over one quarter of all fish directly 
consumed by humans. Increasing human population, as also the 
near plateauing of capture fisheries, further increases the 
importance of fish farming. Apart from recent development and 
improvement in techniques of fish culture, the fundamental 
understanding of fish nutrition, which includes quantification of 
nutritional requirements and development of feed for a number of 
fish species, over the last few decades has contributed significantly 
to the great increase In aquaculture production worldwide. The 
information has been extensively reviewed by several workers (De 
Silva and Anderson, 1995; Kaushik, 1995; John and Ninawe, 
2000; Stickney, 2000; Halver, 2001; Izquierdo etal., 2001; Halver 
and Hardy, 2002). The expansion and improvement in efficiency of 
aquacultural production, however, requires continued 
improvements in nutritional formulation, feed technology and 
feeding strategies. Scientists have emphasized that future 
researches, besides other aspects, be directed towards developing 
species-specific broodstock diets; reducing the level of fishmeal in 
fish diets using alternate protein sources; improving the use of 
agricultural and fishery by-products; and ensuring that limitations 
in the selection of raw materials for aquafeeds are based on sound 
and scientifically documented information (NACA/FAO, 2000; 
Halver, 2001). 
Protein is the most expensive component in fish feeds 
accounting for up to 64% of feed cost in high-energy extruded 
diets (Goddard, 1996). Fishmeal, owing to its nutritional quality, is 
an important component of feeds for most of the cultivable fish 
species. Rising cost, uncertain supply and growing social and 
environmental concerns regarding its sustainabillty (Naylor et aL, 
2000) has necessitated investigations to identify potential 
alternative protein sources whose production can keep pace with 
increasing demand of feeds for aquaculture (Higgs et aL, 1995; 
Tacon and Barg, 1998; Hardy, 2000; Li et aL, 2000; Naylor et aL, 
2000). As plant protein sources are more consistently available 
and cheaper to produce than fishmeal/other animal proteins, their 
use in aquafeed appears most appropriate and significant 
(Jauncey, 1982a; Sugiura and Hardy, 2000). Potential oilseed 
proteins used in fish feeds include soybean, groundnut, 
canola/rapeseed, cottonseed, sunflower and sesame. Oilseed 
meals have been used with variable success by several workers to 
replace fishmeal in diets for various fish species (Cowey et aL, 
1971 ; Andrews and Page, 1974; Jackson et aL, 1982; Murai et aL, 
1986; Khan et aL, 1991; Reigh and Ellis, 1992; Viyakarn et aL, 
1992; Webster et aL, 1992b; Khan and Jafri, 1994; Higgs et aL, 
1995; Hasan et aL, 1997; Webster et aL, 1997; Satoh et aL, 
1998; Burel etaL, 2000; Fagbenro and Davies, 2001; Abery et aL, 
2002). Amongst these, soybean meal has been successfully used 
for total replacement of fishmeal in the diets for channel catfish, 
Ictalurus punctatus (Belal and Assem, 1995) and blue catfish, /. 
furcatus (Webster etaL, 1995a,b). 
Water temperature has a major influence on metabolic rate 
of fishes. Food Intake (Elliott, 1982) and maintenance 
requirements (Hawkins et aL, 1985) in fish are also affected by 
change in temperature. It is also a key factor in regulating the 
reproductive cycle in fishes (Sundraraj and Vasal, 1976; Lam, 
1983; Richter et aL, 1987; Chmilevskiy and Lavrova, 1990; Van 
Der Kraak and Pankhurst, 1997; Webb et aL, 1999). Temperature, 
along with photoperiod, modulates sexual development and 
spawning in fishes, with temperature exerting a predominant 
influence in most fish species. 
Most of the inland Indian states experience severely low 
temperature during winter, with water temperature often falling 
below 10 °C, affecting the biological functions of fishes inhabiting 
these regions, thereby reducing the growing season of fish by 
about four months. Gonadal development in fish is almost 
suspended during winter until the environment is warm enough for 
final maturation and ovulation. This generally restricts the 
availability of quality seed at the desired t ime, a major constraint 
in the expansion of aquaculture for many fish species, thereby 
emphasizing the need to develop techniques to control sexual 
maturation and spawning in target species. The concept of heat 
preservation by 'green house effect' has been used as one of the 
important procedures to raise water temperature in such situation 
through the use of polyhouse, comprising a single/double layer of 
plastic sheet (Ra'anan and Cohen, 1983). In India, this concept 
has been successfully applied for enhancing fish growth only in the 
coastal state of Orissa, which experiences a moderate decline in 
water temperature during winter. However, there is no report on 
the use of polyhouse vis-a-vis growth and/or maturation in carps 
from inland Indian states. 
Once winter is over, the focus of culturists shifts mainly 
towards working out strategies for production of marketable-size 
fish. In India, fish culture is mostly practiced on extensive/semi-
intensive scale to produce fish of marketable-size. Fishes are 
usually fed on a mixture of bran (rice/wheat) and oilcake 
(groundnut/mustard). Although some progressive fish farmers 
have started making use of a variety of feed ingredients to prepare 
feed, selection of ingredients is usually based on their availability 
and cost rather than nutritional quality. This not only affects 
growth and feed efficiency but often produces fish of poor flesh 
quality. No satisfactory feed fornnulation is available for the culture 
of Indian major carps {Labeo rohita; Catia catia; Cirrhinus mrigala) 
in ponds where continuous manuring/fertilization is generally not 
practiced. 
Economically productive aquaculture is also dependent upon 
adequate supply of fertile eggs and fry. It has been agreed that 
quality of feed is a factor that affects greatly the reproductive 
performance and the egg quality. The effects of broodstock diets, 
containing different levels of protein and energy, minerals, 
vitamins and essential fatty acids, and different ration size on egg 
quality have been investigated in relatively few species like 
gifthead seabream, Spams aurata (Mourente and Odriozofa, 1990; 
Fernandez-Palacios et aL, 1995, 1997), red seabream, Pagrus 
major (Watanabe and Kiron, 1995), rainbow trout, Oncorhynchus 
mykiss (Washburn et aL, 1990; Bromage et aL, 1992; Choubert 
and Blanc, 1993; Blom and Dabrowski, 1995; Choubert et aL, 
1998; Pereira et aL, 1998), European seabass, Dicentrarchus 
labrax (Cerda et aL, 1994; Navas et aL, 1995), Atlantic salmon, 
Salmo salar (Eskelinen, 1989; Berglund, 1995; Christiansen and 
Torrissen, 1997), coho salmon, Oncorhynchus kisutch (Hardy et 
aL, 1984, 1989), tilapia, Oreochromis niloticus (De Silva and 
Radampola, 1990; Cumaratunga and Mallika, 1991; Santiago and 
Reyes, 1993; Gunasekera et aL, 1995, 1996a,b, 1997; 
Gunasekera and Lam, 1997; Siddiqui et aL, 1998) and common 
carp, Cyprinus carpio (Manissery eta/. , 2001). 
Reproductive success and growth of the concerned species 
is related to an optimum level of dietary protein (De Silva and 
Anderson, 1995). However, studies on the influence of dietary 
protein on reproductive performance of fish have received little 
attention (Dahlgren, 1980; Watanabe et al., 1985; De Silva and 
Radampola, 1990; Gunasekera and Lann, 1997; Siddiqui et al., 
1998; Manissery ef a/., 2001). 
In India, availability of vast water resources offers a good 
scope for further expansion of aquaculture, the success of which 
depends largely on the strategies for nutrition and feeding of 
concerned species. The importance of such studies has been 
emphasized by several workers in the past (Sinha, 1991; 
Alagarswami, 1992; Dehadrai, 1992; Tripathi, 1992; Shetty and 
Varghese, 1993; Mukhopadhyay, 2000; Seenappa, 2000). 
Carp production represents more than 50% of all the animal 
biomass being produced by aquaculture worldwide. They constitute 
most commonly cultivable group of fishes in Asia. Freshwater fish 
culture in Indian sub-continent is dominated by Indian major carps 
{Labeo rohita) Catia catia; Cirrhinus mrigafa) and exotic carps 
(Ctenopharyngodon idella; Hypophthalmichthys molithx; Cyprinus 
carpio). Their culture practice has developed from traditional 
extensive system to semi-intensive level. However, further 
intensification of the culture practice of these fishes is hampered 
due to the non-availability of practical feeds, precisely tuned to 
their nutritional needs, for different production functions. Earlier 
work on nutrition of various carp species in India focused mainly to 
nutrient requirements (Sen et a/., 1978; Renukaradhya and 
Varghese, 1986; Singh and Bhanot, 1988; Mohanty ef aL, 1990; 
Das et aL, 1991; Devaraj and Seenappa, 1991; Khan and Jafri, 
1991; Mohanty and Kaushik, 1991; Ravi and Devaraj, 1991; Khan 
and Jafri, 1993; Erfanullah and Jafri, 1993; Seenappa and Devaraj, 
1995; Hassan and Jafri, 1996; Mukhopadhyay and Rout, 1996; 
Mukhopadhyay et aL, 1996; Murthy and Varghese, 1997, 1998), 
digestibility studies (Ray and Das, 1992; Jafri and Anwar, 1995; 
Erfanullah and Jafri, 1998; Saha and Ray, 1998; Jafri and Hassan, 
1999), and development of diets using locally available feed 
ingredients (l^ohanty and Swamy, 1986; Singh et aL, 1986; 
Nandeesha et aL, 1989; Khan et aL, 1991; Khan and Jafri, 1994; 
Mohanty et aL, 1995; Radheyshyam ef aL, 1996; Jena et aL, 
1999), in fry/fingerling. Almost no information is available on the 
nutrition and feeding of broodstock of these fishes; strategies for 
winter feeding; and dietary formulations to raise them to 
marketable-size without continuous manuring/fertilization. 
Besides, complete replacement of fishmeal with alternative protein 
sources in carp diets has not been reported. 
The present study was undertaken with a view to generate 
information on the above subject, and the findings have been 
compiled in the form of this thesis. The thesis consists of two 
parts. 
Part I contains information on developing fishmeal-free diets 
for fingerling Labeo rohita, and strategies to rear the fish to 
marketable-size. 
Part II deals with the effects of varying levels of dietary 
protein on growth, reproductive performance, body and egg 
composition of rohu, Labeo rohita and grass carp, 
Ctenopharyngodon ide/la. This section also includes observations 
on the impact of polyhouse rearing during winter on attainment of 
maturity in carps {Labeo rohita; Catia catla; Ctenopharyngodon 
idelia; Hypophthafmichthys mo/itrix). 
The findings, in addition to contributing to existing 
knowledge on the subject, would be of interest to fish nutritionists, 
feed technologists and farmers in working out strategies to 
enhance fish blomass and seed production. 
GENERAL METHODOLOGY 
GENERAL METHODOLOGY 
Source and acclimation of experimental fishes 
Induced bred fry of Indian nnajor carps {Labeo rohita; 
Catia catia) and Chinese carps {Ctenopharyngodon idella; 
Hypophthaimichthys molitrix) were obtained fronn Haryana State 
Fisheries Department, Rohtak, India. These were transported to 
the Experimental Station [Rohtak Centre of Centra! Institute of 
Fisheries Education (Deemed University), Lahll, Rohtak, Haryana, 
India; 28°54' N and 76°38' E] in oxygen-filled polythene bags, 
given a prophylactic dip in KMn04 solution (1 : 3000) and stocked 
in earthen ponds (2000 m^). For studies on broodflsh, fishes were 
reared at the Experimental Station and fed to apparent satiation 
on 30% crude protein compounded diet, containing 15.36 g each 
of fishmeal, soybean meal and groundnut meal, and 21.21 g each 
of corn flour and rice bran, 1.5 g vitamin premix, 3.0 g mineral 
premix, and 7.0 g oil premix (1:1 corn and cod liver oil) per 100 g 
diet], twice dally, at 0900 and 1700 hours. 
Fishes for various experiments were taken out from the 
above stock, given a prophylactic dip In KMn04 solution, and 
transferred to experimental tanks for trials. Prior to 
commencement of the trial, fishes were acclimated to the 
experimental diets. 
Feed ingredients 
Feed ingredients in the diets Included tuna fishmeal (FM), 
soybean meal (SBM), groundnut meal (GNM), canola meal (CM), 
corn flour and rice bran. These were procured from Pawan Feeds, 
Rohtak, India. Proximate composition of ingredients are given In 
Table 1. 
Preparation of experimental diets 
Prior to incorporation in diet, SBM was moistened to 17%, 
followed by heating (105 °C) for 30 min in a cooker (Viola et al., 
1983), while CM and GNM were soaked in water overnight at room 
temperature (26-28 °C). All ingredients, and mineral premix (Table 
2, 3), excepting vitamin (Table 4) and oil premixes, were mixed 
and cooked for 30 min to a dough form. The diets were made 
isocaloric by altering the oil content. After adding oil and vitamins, 
the ingredients were thoroughly mixed and mechanically extruded 
to get pellets of desired size. The pellets were dried in a convection 
oven at 25 °C to obtain a moisture level of approximately 10%. For 
studies on replacement of fishmeal, crumbled diets of appropriate 
size were used. Water stability in all the diets was approximately 
95%. 
General experimental design 
L rohita fry were stocked in indoor polyvinyl circular flow-
through (1-1.5 L min"^) experimental tanks (55-L water capacity), 
supplied with groundwater at the rate of 25 fish, in triplicate. Fish 
were fed diets in the form of dry crumbles. 
For the trials on broodstock, desired number of fishes (20 
fish tank'^) were stocked in concrete tanks (200 m^) in duplicate. 
The tanks were supplied with groundwater. Approximately, one 
fourth of the total water volume in each tank was replenished 
daily. For trials involving polyhouse (166 x 50 x 10 f t ; constructed 
over concrete tanks using the framework of galvenised iron pipes 
and covered with UV stabilized Rigidex film 120 GSM), the tanks 
were partitioned using fine mesh nylon net into two equal units 
(250 m^) for duplication. Diets were presented in the form of 
pellets/moist balls over an enamel tray kept about 30 cm below 
water level on two sides of the tank. 
In all the trials, fishes were fed to apparent satiation, twice 
daily, at 0900 and 1700 h. Unconsumed diet, if any, was removed 
after 2 h. 
Water temperature, pH and dissolved oxygen were 
monitored daily. Other water quality parameters were analysed on 
weekly basis. Average values for various parameters were : pH 
7.81; total alkalinity 312 ppm and total hardness (as CaCOs) 380 
ppm. The values for dissolved oxygen and temperature are given 
in respective Chapters. 
Analytical techniques 
Proximate composition of feed ingredients, experimental 
diets, fish carcass/muscle, and eggs was estimated following 
standard techniques (AOAC, 1995). Water analysis was carried out 
using standard methods (APHA, 1985). All estimations were made 
in triplicate. 
Estimation of moisture 
5-10 g of finely ground sample was taken in a pre-weighed 
silica crucible and placed in a hot-air oven (105 ± 1 °C) for 24 h. 
The crucible containing the dried sample was cooled in a desiccator 
and reweighed. The loss in weight was expressed in per cent. 
Estimation of crude protein 
Crude protein was estimated using a slight modification of 
Wong's micro-Kjeldahl method, as adopted by Jafri et a/. (1964). 
The principle involved digesting the sample (0.1-0.5 g) with 
nitrogen-free sulphuric acid in presence of saturated potassium 
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persulphate solution as oxidising agent, which converts the 
nitrogenous compounds to amnnonium sulphate. This was then 
nesselerized, and the colour developed due to the formation of 
oxy-dimercurcic iodide, (OHg)2NH2l, was measured 
spectrophotometrically using Milton Roy Spectronic 1001 
spectrophotometer. The optical density was read against a 
standard curve of ammonium sulphate for nitrogen estimation. 
A known amount of dried, finely ground sample (0.1-0.5 
g) was taken in a Kjeldahl flask, containing 5 ml of nitrogen-free 
sulphuric acid (1:1), and heated till fumes disappeared. After 
cooling, 0.5 ml of saturated potassium persulphate was added to 
oxidize the digesting mixture. The digestion was continued for 
about 12-16 h till the solution became water clear, indicating that 
all the nitrogenous material in the sample has been converted to 
ammonium sulphate. After cooling, the digested mixture was 
transferred to a 50 ml volumetric flask and raised to mark with 
double distilled water. Aliquot of this solution (0.5 ml) was taken in 
a dry test tube, and 0.1 ml each of sulphuric acid (1:1) and 
saturated potassium persulphate solution added to it. The volume 
was raised to 3 ml with double distilled water. The solution was 
then nesselerized with 7 ml of Bock and Benedict's Nessler reagent 
(Oser, 1979) and kept at room temperature for 10 min for 
complete colour development. A blank was prepared side by side, 
substituting the aliquot with distilled water. Absorbance was 
measured, after setting the instrument with the blank, at 480 nm. 
The amount of nitrogen was obtained by reading the optical 
density against a standard calibration curve (Fig. 1) prepared by 
plotting absorbance values against graded concentration of 
ammonium sulphate. The nitrogen value was multiplied with 
protein factor (6.25) to obtain the crude protein content in the 
sample. 
II 
Estimation of crude fat 
Crude fat was estimated following Soxhiet exhaustive 
extraction technique, using petroieum ether (40-60 °C BP) as 
solvent. Finely ground sample (2-3 g) was taken in Whatman fat 
extraction thimble, plugged with cotton, and placed in the Soxhiet 
apparatus. A dean, dry pre-weighed receiver flask was fitted to 
the Soxhiet assembly for extraction which was continued for 12-16 
h. After extraction, the flask was removed and kept in hot-air oven 
(100 °C) to evaporate the traces of solvent. It was then 
transferred to a desiccator, cooled and reweighed. Crude fat was 
calculated from increase in weight of the flask, and expressed in 
per cent. 
Estimation of ash 
Dry powdered sample (2-5 g) was taken in a pre-weighed 
silica crucible and incinerated in a muffle furnace at 550 °C for 12 
h. The crucible containing ash was cooled in a desiccator and 
reweighed to calculate the per cent of ash. 
Estimation of crude fibre 
Crude fibre was estimated as loss on ignition of dried 
residue remaining after digesting the sample with standard 
solution of sulphuric acid and sodium hydroxide. 
2 g of the dry, powdered fat-free sample was taken in a 
spoutless conical flask and 200 ml of boiling sulphuric acid 
(1.25%) added to it. The content was boiled for 30 min. Broken 
aluminium chips were added to prevent bumping. The solution was 
removed from heating and the residue collected over a sintered 
flask, and washed with boiling water several times and again 
transferred to the conical flask. 200 ml of sodium hydroxide 
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solution (1.25%) was added to it, and the content boiled for 30 
min. The mixture was then filtered and the residue washed with 
boiling water. To remove traces of water, the residue was washed 
thrice with ethanol, transferred to a silica crucible and dried at 
110 °C to a constant weight. It was then allowed to cool in a 
desiccator, weighed, and incinerated at 550 °C for 2 h. After 
complete incineration, the crucible was allowed to cool in a 
desiccator and reweighed to calculate the per cent crude fibre. 
Estimation of water quality 
All estimations were made using standard methods (APHA, 
1985). Dissolved oxygen was analysed using Winkler's modified 
technique. Total alkalinity and total hardness (as CaCOs) were 
determined following titration method. 
Calculation of nitrogen-free extract 
Nitrogen-free extract was determined indirectly, 
subtracting the sum of moisture, crude protein, crude fat, ash and 
crude fibre (%) from 100. 
Calculation of metabolizable energy 
Metabolizable energy for the experimental diets was 
calculated using physiological fuel values, 4.5, 8.5 and 3.5 kcal g'^ 
for protein, fat and carbohydrate, respectively (Jauncey, 1982b). 
Assessment of growth and conversion efficiencies 
Calculation of growth parameters and conversion 
efficiencies were made following standard definitions (Wee and 
Tacon, 1982; Tabachek, 1986; Hardy, 1989; Hanley, 1991; Kim 
and Kaushik, 1992). 
(BWf- BW,) 
Live weight gam (%) = — x 100 
BW, 
(In BW, - In BW,) 
Specific growth rate (SGR%) = x 100 
duration (days) 
where, BW, and BWf = average initial and final body weight (g), 
respectively. 
feed consumed (g, dry-weight basis) 
Feed conversion ratio (FCR) = 
wet-wetght gain (g) 
wet-weight gam (g) 
Protein efficiency ratio (PER) = 
protein consumed (g, dry-weight 
basis) 
(BWf X BPf) - (BW, X BP,) 
Protein deposition = x 100 
(TF X CP) 
where, BW, and BWf = initial and final body weight, respectively 
BP, and BPf = initial and final body protein, respectively 
TF = total feed consumed 
CP = crude protein per cent in feed 
Assessment of gonadosomatic index and reproductive 
performance 
Calculation of gonadosomatic index and assessment of 
reproductive performance were made following standard 
definitions (Hardy et al., 1989; Biswas, 1993; Gunasekera et aL, 
1996a,b). 
weight of gonad (g) 
Gonadosomatic index (GSI) = — x 100 
total body weight (g) 
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Relative fecundity 
number of eggs ovulated 
total body weight (kg) 
Fertilizability (%) 
number of fertilized eggs 
total number of eggs 
X 100 
Hatchabifity C%) 
number of eggs hatched 
total number of fertilized eggs 
X 100 
Mean diameter of oocytes was determined using a 
compound microscope equipped with an ocular micrometer. 
Statistical analysis 
The data was analysed for comparisons among different 
dietary treatments by one-way analysis of variance (ANOVA) 
followed by Duncan's multiple range test at 5 and/or 1 per cent 
significance levels (Duncan, 1955; Gomez and Gomez, 1984). 
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Table 2 . Composition of minera l p remix* 
Mineral g/kg 
Calcium biphosphate 135.70 
Calcium lactate 326.90 
Feme citrate 29.70 
Magnesium sulphate 132.00 
Potassium phosphate (dibasic) 239.80 
Sodium biphosphate 87.20 
Sodium chloride 43.50 
Aluminium chloride.6H2O 0.15 
Potassium iodide 0.15 
Cuprous chloride 0.10 
Manganous sulphate.H2O 0.80 
Cobalt chloride.H2O 1.00 
Zinc sulphate.H2O 3.00 
*Halver (1989). 
Table 3. Composition of minera l p r e m i x * 
Mineral g/kg 
Calcium 300,000 
Phosphorus 82,500 
Zinc 2.130 
Magnesium 2.114 
Iron 0.979 
Copper 0.312 
Iodine 0.156 
Cobalt 0.045 
L-lysine HCI 4.400 
DL-methionine 1.920 
*Agrimin (Agnvet Farm Care, Glaxo India Limited, Mumbai, India) 
Table 4. Vitamin premix* 
Vitamin g/kg 
a-Cellulose 893.00 
Choline chloride 56.00 
Inositol 22.00 
L-Ascorbic acid 11.00 
Niacin 8.40 
Calcium pantothenate 5.60 
Riboflavin 2.20 
Menadione 0.45 
Pyridoxine HCl 0.56 
Thiamin HCl 0.56 
Folic acid 0.17 
Biotin 0.06 
a -Tocopherol acetate" 4.40 
Cyanocobalamin 100 mg/500 ml HjO 
=Halver (1989); ^^Incorporated with oil. 
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Figure 1 . Calibration curve of nitrogen 
Indoor flow-through system used for feed trials 
A view of the farm complex at the Experimental 
Station (Rohtak Centre of CIFE, Mumbai) 
Front and Inside view of the Polyhouse 
Sampling of the experimental fishes 
PART I 
Chapter I 
GROWTH AND BODY COMPOSITION OF ROHU, LABEO 
ROHITA (HAMILTON) FED DIETS CONTAINING 
OILSEED MEALS : PARTIAL OR TOTAL REPLACEMENT OF 
FISHMEAL W I T H SOYBEAN MEAL 
Introduction 
Rising cost and uncertain supply of fishmeal, an important 
connponent in most aquafeeds, has necessitated the work for its 
replacement with alternate protein sources whose production can 
keep pace with increasing demand for aquaculture feeds (Higgs et 
al., 1995; Tacon and Barg, 1998; Hardy, 2000; Li et al., 2000; 
Naylor et al., 2000). Tremendous potential exists to produce feed 
ingredients specifically designed for use in aquatic feeds from 
oilseed and grain products (Hardy, 1999). The use of plant 
proteins seems most appropriate and significant as such proteins 
are likely to be more consistently available and cheaper to produce 
than fishmeal/other animal proteins (3auncey, 1982a; Sugiura and 
Hardy, 2000). Selection of alternate protein sources to replace 
fishmeal largely depends on their availability and consistent supply 
in a particular region. Plant proteins have been extensively used in 
combination with fishmeal in aquafeeds (Gomes et al., 1995; 
Hasan et al., 1997; Webster et a/., 1997; Fontainhas-Fernandes et 
al., 1999; Burel et al., 2000; Vielma et al., 2000). Information on 
the use of all-plant protein diet is, however, limited (Reigh and 
Ellis, 1992; Webster et al., 1995a,b; Devi et at., 1999; Paul et a/., 
1999). Although oilseeds are more likely to replace fishmeal, the 
antinutritional compounds like trypsin inhibitors, phytic acid, 
glucosinolates, hemagglutinins, saponins, tannins, etc., and some 
limiting essential amino acids present in them often render a limit 
to the level of their incorporation in fish diets. 
Among plant protein sources, soybean due to its high 
protein content, fairly balanced amino acid profile (Lovell, 1988; 
Lim and Akiyama, 1992) and global presence has been 
preferentially used for replacement of fishmeal, either partially 
(Reigh and Ellis, 1992; Viyakarn et aL, 1992; Webster et a/., 
1992b; Khan and Jafri, 1994; Olli et a/., 1995; Elangovan and 
Shim, 2000; Vielma et aL, 2000; Fagbenro and Davies, 2001; 
Abery et aL, 2002) or totally (Belal and Assem, 1995; Webster et 
aL, 1995a,b), in fish diets. 
Rapeseed/canola meal, even though a good source of 
quality protein, finds limit to its level of Inclusion in aquafeed due 
to the presence of glucosinolates. Several workers have reported 
the use of rapeseed/canola meal as a potential ingredient in 
aquafeeds (Higgs et aL, 1995; Hasan et aL, 1997; Webster et aL, 
1997; Satoh et aL, 1998; Burel et aL, 2000). On the basis of the 
findings, Higgs et aL (1995) concluded that, with the exception of 
one study, rapeseed meal (regardless of glucosinolate content) 
and canola meal can comprise at least 28% of dry matter or 
protein in diets for common carp and tilapia. 
In many parts of India, groundnut (peanut) is used as 
dietary protein source in fish feed. However, there are relatively 
few scientific reports on the incorporation of groundnut meal in fish 
diets (Jackson et aL, 1982; Khan et aL, 1991; Devi et aL, 1999). 
Although groundnut is highly palatable and has better binding 
properties for pelleting than soybean meal (Lovell, 1989), its use 
in fish feed is limited because of low lysine and methionine 
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contents, and inconsistent supply (Robinson and Wilson, 1985; 
Lovell, 1989). 
Carps are among the most commonly cultivable groups of 
fish in Asia. Freshwater fish culture in Indian subcontinent is 
predominated by Indian major carps namely, Labeo rohita, Catia 
catia and Cirrhinus mrigala. Of all carps, rohu, L rohita is 
considered as most desirable (Santhanam et al., 1989), attains a 
weight of about a kilogram in less than a year (Jhingran and Pullln, 
1988), and has high marketability. 
The present study was undertaken to observe the effects of 
i) feeding oilseed meals [soybean meal (SBM), groundnut meal 
(GNM), canola meal (CM)] with or without fishmeal (FM), and ii) 
graduai repiacement of fisynvea} with soybean meal, on the 
growth, feed utilization and carcass composition of fingerling L, 
rohita. 
Materials and methods 
Experimental trial 
A 56-day growth trial was conducted to test the efficacy of 
oilseed meals, with or without fishmeal. L rohita (4.5 ± 0.2 cm; 
2.58 ± 0.04 g), from the acclimated lot, were stocked in indoor 
polyvinyl flow-through (1-1.5 L min"^) tanks (55-L water capacity) 
at the rate of 25 fish/tank with three replications per treatment. A 
second growth trial was conducted for 70 days to observe the 
effects of gradual replacement of FM with SBM in the diets for the 
same fish (6.7 ± 0.4 cm; 4.07 ± 0.02 g). Details of diets, feeding 
method, water quality and water exchange rate are described 
elsewhere (General Methodology; page 8-10). Natural photoperiod 
was maintained during the trials. Water temperature and dissolved 
oxygen during the period averaged 25.7 ± 1.4 °C and 6.41 ± 0.93 
ppnn, respectively. 
Growth parameters and conversion efficiencies were 
calculated using standard definitions (Wee and Tacon, 1982; 
Tabachek, 1986; Hardy, 1989; Hanley, 1991; Kim and Kaushik, 
1992) described elsewhere (General Methodology; page 13-14). 
Experimental diets 
Details of ingredients and method of diet preparation are 
described under General Methodology (page 8-9). Five 
isonitrogenous (35% CP) and isocaloric (3.75 kcal g"^  
metabolizable energy) diets were formulated to observe the effects 
of oilseed meals, with or without FM, in diets for L. rohita. Details 
of ingredient and proximate composition of the diets are given in 
Table 1, and calculated amino acid composition (NRC, 1993) in 
Table 2. For the second growth trial, six isonitrogenous (35% CP) 
and isocaloric (3.75 kcal g'^ metabolizable energy) diets were 
formulated using different levels of FM and 5BM. Ingredient and 
proximate composition of the diets are given in Table 3, and 
calculated amino acid composition in Table 4. 
Analytical methods 
Proximate composition of feed ingredients, experimental 
diets and fish carcass was determined using standard methods 
(AOAC, 1995). Details of analytical techniques are given in General 
Methodology (page 10-13). 
Statistical analysis 
Details of statistical analysis are described elsewhere 
(General Methodology; page 15). 
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Results 
Growth performance and feed utilization in fingerling L 
rohita fed diets containing oilseed meals, with or without FM, are 
presented in Table 5. Per cent live weight gain and specific growth 
rate (SGR%) were significantly (P < 0.05) higher in fish fed diet I 
(FM), followed by fish receiving diets I I (SBM) and V (FM + SBM + 
GNM + CM). Fish fed diets I I I (GNM) and IV (SBM + GNM + CM) 
exhibited significantly lower values for these parameters. Feed 
conversion ratio (FCR) was better (P < 0.05) in fish fed diets I and 
I I . Protein efficiency ratio (PER) followed the pattern similar to that 
of FCR. 
Carcass composition of fish is given In Table 6. Crude 
protein was higher (P < 0.05) in fish fed diets I, I I and V. Fish fed 
diets I I I , IV and V showed higher (P < 0.05) fat content, while 
lower fat was found in fish fed diets I and I I . Maximum (P < 0.05) 
ash content was obtained in fish fed diet I I I and minimum in fish 
fed diet I I . Moisture content did not vary significantly (P > 0.05) 
among dietary groups. 
Results of the trial conducted for gradual replacement of 
FM with SBM in diets for fingerling L rohita are presented in Table 
7. Growth and feed utilization In fish fed diets with varying levels 
of FM and SBM were comparable (P > 0.05). Carcass composition 
did not show significant (P > 0.05) variation among different 
dietary groups (Table 8). 
Discussion 
L rohita fed diets containing SBM/GNM; or their 
combination (including CM), with or without FM, as major dietary 
protein ingredient, could not produce growth comparable to those 
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receiving diet that contained FM as the nnain dietary protein 
source. 
Growth in fish fed SBM-based diet (Diet II) was marginally 
(9%) less than those receiving FM-based diet (Diet I). However, 
feed efficiency, in terms of FCR and PER, was comparable in both 
the groups. Amongst several plant protein sources, soybean 
oilcake is most efficiently utilized by fingerling L rohita (Khan et 
al., 1991). SBM is reported to partially replace FM in fish diets 
without reduction in growth and feed efficiency (Viyakarn et al., 
1992; Webster et al., 1992b; Khan and Jafri, 1994; Olli et al., 
1995; Elangovan and Shim, 2000; Vielma et a/., 2000; Abery et 
a/., 2002). However, few researchers reported total replacement of 
FM with SBM (Belal and Assem, 1995; Webster et a/., 1995a,b). 
L. rohita fed diets I I I (GNM) and IV (SBM + GNM + CM) 
attained less weight than those receiving FM-based diet (Diet I). 
FCR and PER were also poor in fish groups receiving the above 
diets. These results support the findings that fish diets containing 
plant ingredients as major protein source produce poor growth and 
feed efficiency than diets containing fishmeal as the main dietary 
protein contributor (Higgs et al., 1982; Jackson et al., 1982; 
Davies et al., 1990; Radheyshyam et a/., 1996; Stickney et al., 
1996; Hasan et al., 1997; Webster et al., 1997; Satoh et al., 
1998; Devi et al., 1999; Paul et al., 1999; Burel et a/., 2000). 
However, when oilseed proteins (SBM, GNM and CM) were used in 
combination with FM at equal inclusion levels (diet V), fish attained 
significantly better growth. The study is in agreement with the 
findings of other workers that fish utilize fishmeal-free, all-plant 
protein diet less efficiently than diets containing different plant 
protein ingredients in combination with FM (Reigh and Ellis, 1992; 
Webster et al., 1992b; Khan and Jafri, 1994; Gomes et al., 1995; 
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Radheyshyam et al., 1996; Mazid et al., 1997; Fontainhas-
Fernandes et al., 1999). In spite of reports of poor growth and 
feed utilization, deoiled cakes of groundnut and rapeseed/mustard 
are widely used by Indian farmers as feed ingredients for Indian 
major carps in semi-intensive culture system. These oilseed meals 
are often used in combination with rice/wheat bran, usually in the 
ratio of 1:1. The level of incorporation of any one of the 
Ingredients, SBM, GNM or CM; or their combination, with or 
without FM, in feeds for Indian major carps varies from region to 
region, governed mainly by availability and cost of these 
ingredients. In the present experiment, diets were prepared to 
closely match the formulations used by the farmers in different 
parts of the country. The calculated amino acid composition of 
diets indicate that all the diets, excepting the control (Diet I ) , 
could not have met the requirement levels for total sulfur amino 
acids (methionine + cystine), whereas diets I I I (GNM) and IV 
(SBM + GNM + CM) were deficient in lysine as well. Therefore, 
poor utilization of oilseed proteins by fingerling L. rohita, in 
comparison to that of FM, may be attributed to one or more of the 
plausible reasons like improper balance of essential nutrients, 
especially amino acids, and/or presence of antinutritional factors. 
Proximate composition of fish has been reported to vary with 
the types/levels of ingredients in the diets of L. rohita (Khan and 
Jafrl, 1994; Radheyshyam et al., 1996; Paul et al., 1999), Catia 
catia (Nandeesha et al., 1989), chinook salmon, Oncorhynchus 
tshawytscha (Higgs et al., 1983; Satoh et al., 1998), rainbow 
trout, O, mykiss (Pongmaneerat and Watanabe, 1992), channel 
catfish, Ictalurus punctatus (Webster et al., 1997), Atlantic 
salmon, Salmo salar (Olli et al., 1995), tin foil barb, Barbodes altus 
(Elangovan and Shim, 2000), and red drum, Sciaenops ocellatus 
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(Reigh and Ellis, 1992). In the present study, carcass composition 
of L rohita varied with different experimental diets. However, diets 
I and I I produced insignificant values for protein and fat. Lowest 
value for ash was obtained in fish fed diet I I . 
The second set of trial, conducted to observe the influence of 
gradual replacement of FM with SBM in diets for fingerling L rohita 
showed that SBM could totally replace FM, without affecting 
growth, feed utilization and carcass composition of fish. These 
observations appear in agreement with the findings of other 
workers who reported complete replacement of FM by SBM in the 
diets for blue catfish, Ictalurus furcatus (Webster et al., 1995a,b) 
and channel catfish, I. punctatus (Belal and Assem, 1995). 
Webster et al. (1995a,b) reported that juvenile blue catfish can be 
fed a diet where SBM totally replaces FM without supplemental L-
methionine, with no adverse effects on growth and body 
composition, when the fish are fed to satiation, and the diet 
contains 35% protein, cod liver oil and 2% supplemental dicalcium 
phosphate. Diet where SBM totally replaces FM, has also been 
reported to be effectively utilized by channel catfish, without 
adverse effects on growth and body composition (Belal and Assem, 
1995). Davis and Sticlcney (1978) reported no difference in weight 
increment of blue tilapia, Oreochromis aureus, fed isonitrogenous 
diets containing FM or FM-free diets with 74% SBM. There are also 
reports of total replacement of FM by a combination of plant 
proteins (soybean and distiller's grains) in diets for channel catfish, 
L punctatus (Webster eta/., 1992a). 
Several workers reported reduced growth rate at higher 
levels of SBM inclusion in diets for L rohita (Khan and Jafri, 1994), 
blue catfish, /. furcatus (Webster et al., 1992b), yellowtail, Serioia 
quinquiradiata (Viyakarn et al., 1992), rainbow trout, Salmo 
23 
gairdneri (Dabrowski e t a / . , 1989), O. mykiss (Pongmaneerat and 
Watanabe, 1992), Atlantic salmon, S. salar (Oil! et aL, 1995), 
grass carp, Ctenopharyngodon idefid (Dabrowski and Kozak, 
1979), and African catfish. Claries gariepinus (Fagbenro and 
Davies, 2001). Reigh and Ellis (1992) found SBM unacceptable as 
a complete replacement for FM in diets for red drum, S. ocelfatus, 
which experienced reduced weight gain, feed efficiency, protein 
utilization and body lipid content when fed diet containing more 
than 50% SBM protein. Dabrowski et at. (1989) reported growth 
arrestment and mortality when SBM completely replaced FM in 
diets for rainbow trout (S. gairdneri). They also observed 
decreased amino acid absorption and significant weight reduction 
when 50% of FM was replaced with SBM. Researchers suggested 
several hypotheses, such as sub-optimal amino acid balance 
(Cowey e ta / . , 1971; Jackson etaL, 1982; Dabrowski etaL, 1989) 
and presence of antinutritional factors, especially trypsin inhibitor 
(Dabrowski and Kozak, 1979; Wilson and Poe, 1985; Olli et a/., 
1994) in SBM, for reduced weight gain in fish fed higher levels of 
SBM. 
The diet where SBM totally replaced FM was efficiently 
utilized by fingerllng L rohita. This could be attributed to 
apparently enough supplementation of methionine (as calculated 
from NRC, 1993) to meet the total sulfur amino acid requirement 
of fish (Table 4), and higher levels of mineral mix (Halver, 1989) 
incorporation than the one (Agrimin) used for the first tr ial. 
Besides, in the second trial, comparatively larger fish size were 
used. Also, heat treatment of SBM could have played a cumulative 
role in efficient utilization of the diet where FM was completely 
replaced by SBM. 
There are reports of growth improvement in fish fed diets 
containing crystalline amino acids (Tacon et a/., 1983; Shiau et a/., 
24 
1987). Supplementation of methionine reportedly enhanced the 
nutritional value of soy flour for carp, Cyprinus carpio (Murai et al., 
1986). Fagbenro and Davies (2001) observed that catfish, C 
gariepinus, can effectively utilize a diet where 75% of FM protein is 
replaced by soy flour with supplementation of methionine. In the 
present experiment, crystalline L-methionine was added to the 
diets where its calculated value was limiting. However, addition of 
sub-optimal amino acids in diet has not been found to improve 
growth in some fish (Andrews and Page, 1974; Tacon et aL, 1984; 
Stickney etal., 1996). 
Hardy (1999) suggested overfortification of diet with trace 
elements in order to overcome the decreased bioavailability of 
minerals due to phytate present in SBM. Heat treatment and 
extraction procedure have been reported to partially remove 
several antinutritional factors (Viola et aL, 1983; Liener, 1994; 
Francis et aL, 2001) and also increase the bioavailability of 
micronutrients (Rumsey, 1980). Inclusion of heat-treated soybean 
in the diets improved fish performance (Viola et aL, 1983; Arndt et 
aL, 1999). In the present experiment as stated earlier, heat 
treated SBM was used and the level of mineral mixture was 
increased in diets containing SBM > 50%. 
It may be concluded that SBM was most efficiently utilized, 
and could totally replace FM in the diets for fingerling L. rohita, 
when supplemented with methionine and fortified with minerals. 
Summary 
A 56-day feeding trial was conducted to evaluate the 
growth, feed utilization and body composition of fingerling rohu, 
Labeo rohita (4.5 ± 0.2 cm; 2.58 ± 0.04 g), fed diets containing 
oilseed meals, with or without fishmeal. Five isonitrogenous (35% 
25 
CP) and isocaloric (3.75 kcal g"^  metabolizable energy) diets were 
formulated. Fish were stocked in 55-L water capacity indoor 
polyvinyl flow-through (1-1.5 L min'^) tanks, in triplicate, and fed, 
twice daily (0900 and 1700 h), to apparent satiation. Per cent live 
weight gain and specific growth rate (SGR %) were significantly 
higher (P < 0.05) in fish fed diet I (FM), followed by fish receiving 
diets I I (SBM) and V (FM + SBM + GNM 4- CM). Fish fed diets I I I 
(GNM) and IV (SBM + GNM + CM) exhibited significantly lower 
values for these parameters. Feed conversion ratio (FCR) was 
better (P < 0.05) in fish fed diets I and I I . Protein efficiency ratio 
(PER) followed the pattern similar to that of FCR. Proximate 
composition of fish carcass showed that crude protein was higher 
(P < 0.05) in fish fed diets I, I I and V. Fish fed diet IV showed 
higher (P < 0.05) fat content, while lower fat was found in fish fed 
diets I and I I . Maximum (P < 0.05) ash content was obtained in 
fish fed diet I I I and minimum in fish fed diet I I . Moisture content 
did not vary significantly (P > 0.05) among dietary groups. Results 
of 70-day growth trial conducted to observe the effects of gradual 
replacement of FM with SBM in diets for fingerling L. rohita 
revealed comparable (P > 0.05) growth, feed utilization and 
carcass composition among fish of different dietary groups. The 
findings of the study indicate that soybean meal was most 
efficiently utilized, and could totally replace fishmeal in the diets 
for fingerling L rohita, when supplemented with methionine and 
fortified with minerals. 
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Chapter I I 
GROWTH AND BODY COMPOSITION OF ROHU, LABEO 
ROHITA (HAMILTON), FED COMPOUNDED DIET : 
WINTER FEEDING AND REARING TO MARKETABLE-SIZE 
Introduction 
Fish being poikilotherms, their growth, food consumption, 
conversion and other body functions are markedly influenced by 
temperature (Brett et al., 1969; Andrews and Stickney, 1972; 
Andrews ef a/., 1978; Elliott, 1982; Hawkins et a/., 1985; Houlihan 
et al., 1993; Britz et aL, 1997; Azevedo et al., 1998). Growth and 
survival in fish are optimum within a defined range of temperature 
(Brett, 1979; Gadowski and Caddell, 1991). 
Warmwater fish have optimum growing temperature in the 
range of 25-30 °C (NRC, 1983). In inland states of India, water 
temperature remains low during winter, often falling below 10 °C, 
thereby influencing biological functions in fishes. Rohu, Labeo 
rohita, is an important freshwater fish species cultured in Asia, 
particularly the Indian sub-continent. Growth rate of this fish and 
other cultivable freshwater carps viz., Catia catia, Cirrhinus 
mhgala, Ctenopharyngodon Idella and Hypophthalmichthys 
molitrix, decreases during the period of low water temperature. As 
a result, the growing season in a year is reduced by about four 
months. One of the procedures to overcome this problem is to 
raise water temperature using polyhouse, which is based on the 
concept of heat preservation by 'green house effect' provided by a 
single/double layer of plastic sheet erection (Ra'anan and Cohen, 
1983). Polyhouse has been used to enhance the production of L. 
rohita (Bandyopadhyay et al., 2000) and giant freshwater prawn, 
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Macrobrachium rosenbergii (Pillai et al., 1999) in Orissa, one of the 
coastal states of India, where winter season experiences a 
moderate decline in water temperature. However, no report is 
available on the use of polyhouse from inland states of India. 
The present study was conducted to observe the impact of 
polyhouse in winter on growth, conversion efficiencies and body 
composition of fingerling L rohita fed compounded diet. The effect 
of feeding traditional feed mixture and compounded diet on the 
above growth parameters and body composition of polyhouse-
reared young fish grown to marketable-size in outdoor earthen 
ponds was also examined. 
Materials and methods 
Experimental trial I 
Fingerling L rohita (7.9 ± 0.8 cm; 4.60 ± 0.02 g) were 
stoctced (15000 ha"^) in polyhouse and outdoor concrete tanks 
(250 m^), in duplicate, during winter. Fish were fed 35% CP 
compounded diet (Table 1). The details of polyhouse and outdoor 
tanks are given in General Methodology (page 9). The trial lasted 
122 days (9 December to 9 April). Water temperature during the 
period in polyhouse ranged between 19,0 ± 0.61 to 30.0 ± 0.98 
°C, while in outdoor tanks the range was 14.8 ± 1.2 to 25.2 ± 
0.84 °C. Average dissolved oxygen in both the tanks ranged 
between 4.5 and 9.4 ppm. 
Experimental trial II 
On termination of the above trial, polyhouse-reared young 
L rohita (21.7 ± l . l cm; 127.8 ± 0.69 g) were transferred to 
outdoor earthen ponds (500 m^), in duplicate, at a stocking 
density of 3700 fish ha'^ and reared to marketable-size. Fish were 
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fed 30% CP compounded diet in the form of pellets, and traditional 
feed mixture in the form of moist balls, prepared by soaking the 
ingredients overnight in water (Table 2). The trial lasted 122 days. 
Water temperature and dissolved oxygen during the period ranged 
between 22 ± 1.6 to 33 ± 1.2 °C and 4.0 to 8.5 ppm, respectively. 
In both the trials, fish were acclimated to the experimental 
diets for a fortnight, in respective tanks/ponds. Fish were fed to 
satiation, twice daily, at 0900 and 1700 h. Natural photoperlod 
was maintained during the trial. Details of dietary ingredients, 
preparation of diet and method of feeding are described under 
General Methodology (page 8-10). 
Growth parameters and conversion efficiencies were 
calculated using standard definitions (Wee and Tacon, 1982; 
Tabachek, 1986; Hardy, 1989; Hanley, 1991; Kim and Kaushik, 
1992) described elsewhere (General Methodology; page 13-14). 
Analytical methods 
Proximate composition of diets and fish muscle was 
analysed using standard methods (AOAC, 1995) as given under 
General Methodology section (page 10-13). 
Statistical analysis 
Details of statistical analysis are described elsewhere 
(page 15). 
Results 
Results on growth and feed utilization in L. rohita reared in 
polyhouse and outdoor tanks, using compounded diet, during 
winter are given in Table 3. Polyhouse-reared fish produced 
significantly (P < 0.01) higher values for weight increment, specific 
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growth rate (SGR%), protein efficiency ratio (PER) and protein 
deposition than those reared in outdoor tanks during the sanne 
period. Feed conversion ratio (FCR) was also better {P < 0.01) in 
polyhouse-reared fish. Proximate composition of muscle of L 
rohita is given in Table 4. Crude protein and fat contents were 
higher (P < 0.05), while moisture and ash contents were 
significantly (P < 0.05) lower in polyhouse-reared fish, in 
comparison to those reared in outdoor tanks. 
Results on growth and feed utilization in fish reared to 
marketable-size in earthen ponds using compounded diet and 
traditional feed mixture is given in Table 5. L rohita fed 
compounded diet showed better (P < 0.01) FCR and higher (P < 
0.01) values for weight increment, SGR, PER and protein 
deposition than those fed the traditional feed. Proximate 
composition of muscle of fish is given in Table 6. Fish fed 
compounded diet contained significantly (P < 0.05) higher crude 
protein and fat, and lower moisture and ash contents than those 
fed the traditional feed. 
Discussion 
Rearing L rohita in polyhouse, where water temperature 
remained relatively high during winter, resulted in improved 
growth and feed utilization. 
Bandyopadhyay eta/ . (2000) reported enhanced production 
of L rohita in polyhouse compared to those in natural ponds in 
Orissa, India. At the same experimental station, production of 
giant freshwater prawn, M. rosenbergii, was also found higher in 
polyhouse than in natural ponds (Pillai e ta/ . , 1999). These reports 
indicated a moderate increase in water temperature in polyhouse 
(min 21 °C; max 31 °C) than in the natural pond (min. 17 °C; max 
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28 °C). During the present study, the average minimum water 
temperature in polyhouse was 19 °C, as compared to 14.8 °C in 
outdoor tanks. While minimum water temperature in outdoor tanl<s 
often dipped to below 10 °C during January to mid-February, it 
remained above 15 °C in polyhouse. 
FCR, PER and protein deposition were also higher in 
polyhouse-reared L rohita than those reared in outdoor tanks. 
Jauncey and Ross (1982) reported that optimum temperature for 
maximum growth in tilapia is around 30 °C, and below 16 °C most 
species cease to feed. The retention of protein, non-protein energy 
and total energy increased in fingerling carp, Cyprinus carpio, 
following an increase in temperature from 23 to 27 °C, at higher 
rations (Huisman etaL, 1979). Singh etal. (1979) noted improved 
protein assimilation and growth rate in L rohita at higher (25-31.5 
°C) than lower (18-24 °C) temperature. Kestemont (1995) 
observed that growth of goldfish, Carassius auratus, larvae reared 
at 28 °C was four times greater than those reared at 20 °C, fed 
maximum daily ration. Imsland et a/. (1996) reported increased 
growth rate of juvenile turbot {Scophthalmus maximus) with 
increasing temperature (10, 13, 16, 19 °C). It has also been shown 
that, within the optimum range, an increase in temperature leads 
to higher growth in fish. Channel catfish, Ictalurus punctatus, 
fingerlings reared at a temperature range of 18 to 34 °C registered 
an improvement in weight gain and FCR, with the best values 
obtaining at 30 °C (Andrews and Stickney, 1972). Atlantic halibut, 
Hippoglossus hippoglossus, reared at temperature near optimum 
(12 °C) attained higher weight than those at sub-optimal (6 °C) 
temperature (Jonassen et aL, 2000). The amount of feed 
consumed and its utilization depends on temperature. In general, 
if water temperature is above or below the optimum range for the 
animal, feeding rate will be reduced (Stickney, 1994). Russell et 
al. (1996) reported that growth of juvenile sea bass, Dicentrarchus 
labrax, at maximum meais, increased with temperature. However, 
at restricted rations, the growth rate of sea bass decreased with 
increasing temperature. In the present study, L rohita were fed to 
apparent satiation to minimize the problem of ration availability. 
There are reports on variation in body constituents of fish 
reared at different temperatures (Andrews and Stickney, 1972; 
Papoutsoglou and Papoutsoglou, 1978; Shearer, 1994). In L. 
rohita, higher protein content was found in polyhouse-reared fish. 
Huisman et al. (1979) reported that protein retention values for 
smaller size carp, Cyprinus carpio, increased because of a rise in 
temperature from 23 to 27 °C, but decreased for bigger fishes. 
Pannevis and Houlihan (1992) reported that acute changes in 
temperature result in increased rates of oxygen consumption and 
protein synthesis. However, no effect of temperature or ration was 
noted on body protein content in O. nerka (Brett et al., 1969) and 
S. trutta (Elliott, 1975). Andrews and Stickney (1972) observed 
that in channel catfish, /. punctatus, an increase in temperature 
led to increased lipid content. Polyhouse-reared L. rohita also 
exhibited higher fat content. The fact that quantitatively growth is 
an accumulation of a large amount of fat, a moderate amount of 
protein, a small amount of minerals and a considerably large 
amount of water (Huisman et a/., 1979) further supports the 
results obtained for L rohita. 
Once winter season is over, the focus of aquaculturists 
shifts to work out nutritional strategies to obtain faster growth and 
better flesh quality in the cultivated species. From a nutritionist 
point of view, it is important to formulate a diet that yields the 
highest possible conversion and continues to maintain health and 
well-being of the fish. However, little attention has been paid to 
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optimization of production in carps, particularly Indian major 
carps, under practical conditions, from a nutritional perspective. L 
rohita, reared in indoor earthen ponds, fed compounded diet 
showed improved growth and conversion efficiencies than those 
fed the traditional feed mixture (1:1 rice bran and GNM). Although 
both the diets contained almost similar amount of protein, growth 
and conversion efficiencies differed significantly between the 
treatments. Farmers in India mostly use traditional feed mixture 
(1:1 bran and oilcake) for carps, although some progressive fish 
farmers have started making use of a variety of feed ingredients to 
prepare fish feed. In the present study on L. rohita, groundnut was 
selected in place of mustard, the two most commonly used 
Ingredients, in combination with rice bran, on the basis of 
nutritional quality and good palatability. Since traditional feed 
mixture is generally not supplemented with oil, vitamins or 
minerals, it is obvious to get poor growth and conversion efficiency 
in comparison to compounded diet, as observed in the present 
study. Although palatability and consumption of both the diets 
(compounded and traditional) were satisfactory, fish fed 
compounded diet showed better utilization in terms of FCR, PER 
and protein deposition. Several workers have pointed out that 
dietary quality affects growth and feed utilization in fish (Singh et 
a/., 1979; Higgs et aL, 1982; Jackson et aL, 1982; Gomes et aL, 
1995; Radheyshyam et aL, 1996; Stickney et al., 1996; Hasan et 
aL, 1997; Mazid et aL, 1997; Fontainhas-Fernandes et aL, 1999; 
Paul etaL, 1999). 
Proximate composition of L. rohita reared in outdoor 
earthen ponds was also found affected by dietary ingredient 
composition. Similar observations were reported by other workers 
(Higgs et a!., 1983; Nandeesha et aL, 1989; Olli et aL, 1995; 
Radheyshyam et aL, 1996; Satoh et aL, 1998; Paul et aL, 1999). 
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While reviewing the nutritional requirements of carps, Kaushik 
(1995) has maintained that changes in body composition over a 
growth period relate partly to body size and growth rates, and 
partly to dietary factors. This may hold true for L rohita as well. 
The results of the study indicate that polyhouse may be 
used successfully to culture L. rohita during winter months and, 
thereafter, the fish may be reared in outdoor earthen ponds using 
compounded diet. This strategy may help farmers to overcome the 
winter conditions, obtaining better fish production. The 
compounded diet, on account of better utilization, resulting in 
higher growth rate and protein retention, seems economical and a 
better choice for production of marketable-size L. rohita. 
Summary 
A 122-day growth trial was conducted to observe the impact 
of polyhouse in winter, on growth, conversion efficiencies and body 
composition of fingerling L rohita (7.9 ± 0.8 cm; 4.60 ± 0.02 g). 
Fish were stocked (15000 ha"^) in polyhouse and outdoor concrete 
tanks (250 m^), in duplicate, and fed compounded diet (35% CP) 
to apparent satiation, twice daily, at 0900 and 1700 h. Natural 
photoperiod was maintained during the trials. At the end of the 
trial, polyhouse-reared fish produced significantly (P < 0.01) 
higher values for weight increment, SGR, PER and protein 
deposition and better FCR. Fish reared in polyhouse showed higher 
(P < 0.05) crude protein and fat, and lower (P < 0.05) moisture 
and ash contents in their muscle. Polyhouse-reared young L. rohita 
(21.7 ± 1.1 cm; 127.8 ± 0.69 g), were raised to marketable-size 
in outdoor earthen ponds (500 m^), at a stocking density of 3700 
ha"\ to examine the effects of feeding traditional feed mixture and 
compounded diet (30% CP) on growth and body composition of 
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fish. L. rohita fed compounded diet showed higher (P < 0.01) 
values for weight increment, SGR, PER and protein deposition, and 
better (P < 0.01) FCR than those fed traditional feed. Proximate 
composition of fish muscle showed higher (P < 0.05) crude protein 
and fat, and lower (P < 0.05) moisture and ash contents in fish fed 
compounded diet. The results suggest that polyhouse may be used 
successfully to culture L. rohita during winter, and thereafter the 
fish may be reared in earthen ponds using compounded diet, to 
obtain better production. 
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PART II 
Chapter I I I 
EFFECTS OF VARYING DIETARY PROTEIN LEVELS ON 
GROWTH, REPRODUCTIVE PERFORMANCE, BODY AND 
EGG COMPOSITION OF LABEO ROHITA (HAMILTON) 
Introduction 
Despite intense research interest, broodstock nutrition 
remains one of the most poorly understood areas of finfish 
nutrition. Studies on broodstock nutrition are relatively expensive 
to conduct and limited to a few species (Brooks et aL, 1997; 
Izquierdo et aL, 2001). Numerous studies have demonstrated that 
reproductive performance and egg quality are influenced by 
nutrients like protein, lipid, minerals, vitamins and ration size in 
fish such as gilthead seabream, Sparus aurata (Mourente and 
Odriozola, 1990; Fernandez-Palacios ef a/., 1995, 1997), sea bass, 
Dicentrarchus labrax (Cerda et al., 1994), red seabream, Pagrus 
major (Watanabe and Kiron, 1995), rainbow trout, Oncorhynchus 
mykiss (Washburn et aL, 1990; Choubert and Blanc, 1993; Blom 
and Dabrowski, 1995; Choubert et a/., 1998; Pereira etaL, 1998), 
Atlantic salmon, Salmo salar (Eskelinen, 1989; Berglund, 1995; 
Christiansen and Torrissen, 1997), Coho salmon, Oncorhynchus 
kisutch (Hardy et aL, 1984, 1989), tilapia, Oreochromis niloticus 
(De Silva and Radampola, 1990; Cumaratunga and Mallika, 1991; 
Santiago and Reyes, 1993; Gunasekera et aL, 1995, 1996a,b, 
1997; Gunasekera and Lam, 1997; Siddiqui et aL, 1998) and 
common carp, Cyprinus carpio (Manissery et aL, 2001). 
Proteins and lipids, the main components of egg yolk, are 
considered to play pivotal role in reproduction. Further, proteins 
act as a source of amino acids and reservoir of materials used 
'56 
during biosynthetic activities essential for early stages of 
embryogenesis (Metcoff, 1986). It has been pointed out that there 
is an optimal protein level for reproductive success and that this 
level is related to the growth of the concerned species (De Silva 
and Anderson, 1995). However, very few studies have evaluated 
the effects of dietary protein level on the reproductive 
performance of fish (Dahlgren, 1980; Watanabe ef a/., 1984a, 
1985; De Silva and Radampola, 1990; Gunasekera et al., 1995, 
1996a; Gunasekera and Lam, 1997; Siddiqui et aL, 1998; 
Manissery et af., 2001). 
Several workers have maintained that diets for broodstock 
should be tailor-made to ensure good egg quality as different fish 
species have different dietary requirements (Brooks et al., 1997). 
Broodstock nutrition of carps, particularly Indian major carps 
{Labeo rohita. Cat/a catia, Cirrhinus mrigala), has not received 
much attention. Most nutritional studies on these carps remain 
confined to fry, fingerling and young fish. L. rotiita is known to 
have a high fecundity, and has been successfully induced bred 
more than once in a year in some parts of India. However, nutrient 
requirements for broodstock of this fish have not been worked out. 
The present study was undertaken to investigate the effects 
of varying dietary protein levels on growth, reproductive 
performance, body and egg composition of L rohita. 
Materials and methods 
Experimental trial 
Yearlings of female L rohita (40.4 ± 0.24 cm; 852 ± 4.9 g) 
were stocked (20 fish tank"^), in duplicate, in outdoor concrete 
tanks (200 m^), supplied with groundwater. The experiment lasted 
37 
360 days. Natural photoperiod was maintained during the trial. 
Details of feeds, feeding methods, water quality and water 
exchange rate are given under General Methodology (page 9-10). 
Dissolved oxygen in the experimental tanks ranged between 4.0-
8.6 ppm. At the end of the trial, twelve fish from each treatment 
(6 fish/replicate) were induced bred, using Ovaprim (Syndel 
Laboratories Ltd., Vancouver, Canada), for assessment of 
reproductive performance. 
Growth, gonadosomatic index, egg diameter and 
reproductive performance were assessed following standard 
definitions (Hardy, 1989; Hardy eta/. , 1989; Hanley, 1991; Biswas 
1993; Gunasekera et a/., 1996a,b) detailed under General 
Methodology (page 13-15). 
Experimental diets 
Details of the dietary ingredients and method of diet 
preparation are described under General Methodology (page 8-9). 
Experimental diets were formulated to contain varying levels of 
crude protein (20, 25, 30, 35 and 40%). Ingredient and proximate 
composition of the experimental diets are given in Table 1. 
Calculated amino acid composition (NRC, 1993) of the diets is 
given in Table 2. 
Analytical methods 
Proximate composition of feed ingredients, experimental 
diets, muscle and egg was analysed using standard methods 
(AOAC, 1995) described elsewhere (General Methodology; page 
10-13). 
Statistical analysis 
Details of statistical analysis are given under General 
Methodology (page 15). 
IS 
Results 
Results on growth, gonadosomatic index (GSI) and egg 
diameter of L rohita fed varying levels of dietary protein are given 
in Table 3. Higher (P < 0.05) weight increment was discernible in 
fish fed 30, 35 and 40% CP diets than those receiving 20% CP 
diet. GSI was comparable (P > 0.05) among different dietary 
groups, excepting in fish fed 20% CP diet which exhibited lower (P 
< 0.05) values than those receiving 30 and 35% CP diet. Egg 
diameter remained unaffected (P > 0.05) by variations in dietary 
protein level. 
Results on reproductive performance of L. rohita fed varying 
levels of dietary protein are given in Table 4. Relative fecundity 
was maximum (P < 0,05) in fish fed 25 and 30% CP diets and 
minimum (P < 0.05) in fish receiving 20% CP diet. A significant (P 
< 0.05) decline in relative fecundity was also noticeable beyond 
30% dietary protein intake. With the exception of fish fed 20% CP 
diet, fertilizability (%) was not affected (P > 0.05) by variations in 
levels of dietary protein. Hatchability (%) followed the trend of 
variations almost similar to that of fertilizability. 
Proximate composition of muscle is given in Table 5. Muscle 
protein was higher (P < 0.05) in fish fed 30, 35 and 40% CP diets. 
Fat content was comparable (P > 0.05) among different dietary 
treatments, excepting in fish receiving 20 and 40% CP diets which 
exhibited significantly (P < 0.05) lower and higher values, 
respectively. Muscle ash content was comparable (P > 0.05) 
among fish of different dietary groups. Moisture content decreased 
with increasing dietary protein level. 
Proximate composition of eggs Is shown in Table 6. Protein 
content in the eggs was comparable (P > 0.05) among fish of 
39 
different dietary groups, excepting the groups fed 20 and 40% CP 
diets, which exhibited significantly (P < 0.05) lower and higher 
values, respectively. The eggs showed comparable (P > 0.05) 
values for moisture and fat. 
Discussion 
It is well established that growth in fish is affected by 
dietary protein level. However, for broodfish, only few reports are 
available. Gunasekera and Lam (1997) reported that broodstock of 
O. niloticus fed low (10%) protein diet attained less weight than 
those fed high (20 and 35%) protein diets. They found no 
difference in the growth offish receiving 20 and 30% protein diets. 
In the present work on L. rohita, weight increment was discernible 
up to 30% dietary protein level beyond which fish growth 
remained unaffected. Singh and Dhawan (1996) observed that C. 
carpio showed higher weight gain when fed formulated diets 
containing 34 or 38% protein than those fed 3 1 % protein diet. 
GSI in L rohita increased significantly at 25% dietary 
protein intake, thereafter, the values remained comparable. 
Female guppy, PoecHia reticulata, fed 47% protein diet produced 
higher GSI than those receiving 15 and 35% protein diets 
(Dahlgren, 1980). Pathmasothy (1985) reported higher GSI in 
Leptobarbus hoevenii fed higher (32 and 40%) protein diets. 
However, in O. niloticus, there are reports of GSI not being 
affected by variations in dietary protein (Cumaratunga and Mallika, 
1991; Gunasekera and Lam, 1997; Gunasekera etal., 1997). In L 
rohita, lower GSI at 20% dietary protein could be the result of a 
change in protein quality, as protein contribution from fishmeal, 
soybean meal and groundnut meal was minimal (Tables 1 and 2). 
In P. major, diets containing cuttlefish meal reportedly produced 
40 
higher GSI than those containing white fishmeal (Watanabe et af., 
1984b). 
Egg diameter is considered an important criterion for the 
assessment of reproductive performance in fish. Egg diameter in L 
rohita was not influenced by levels of protein in diet. Similar 
findings have also been reported in O. nifoticus (Gunasekera eta/. , 
1996b, 1997), P. reticulata (Dahlgren, 1980) and P. major 
(Watanabe et a/., 1984a). Cerda et al. (1994) reported that egg 
diameter was not affected in D. labrax fed different levels of 
protein and carbohydrate. However, Manissery et al. (2001) 
recorded larger egg diameter in C. carpio fed 35% protein diet in 
comparison to those fed higher (41%) protein diet. Variations in 
oocyte diameter, at different oocyte stages, have also been 
reported in O. niloticus fed varying levels of dietary protein 
(Cumaratunga and Mallika, 1991). 
Fecundity, another important parameter to assess 
reproductive performance of fish, is known to be affected by 
nutritional deficiencies in broodstock diet (Izquierdo et aL, 2001). 
Diets containing 25 and 30% protein produced higher relative 
fecundity in L. rohita. Manissery et al. (2001) reported maximum 
fecundity in C carpio at 35% protein diet. Higher dietary protein 
level (45%) reportedly enhanced the total number of eggs/female 
in Nile tilapia (Siddiqui et aL, 1998). Santiago et al. (1991) noted 
higher number of eggs/kg body weight in bighead carp, 
Aristichthys nobilis, fed 40% than those receiving 20% protein 
diet. Similar enhanced fecundity at higher dietary protein levels 
(32 and 40%) has been reported for L hoevenii (Pathmasothy, 
1985). In contrast, De Silva and Radampola (1990) noted that O. 
niloticus fed low (20%) protein diet produced higher relative 
fecundity than those fed high (25 and 30%) protein diets. There 
41 
are reports of dietary protein level not affecting relative fecundity 
In O. niloticus (Gunasekera et al., 1996a), and mean number of 
eggs per spawning in Sarotherodon niloticus (Santiago et al,, 
1983). Similarly, Dahlgren (1980) found no effect of levels of 
dietary protein on fecundity in P. reticulata. 
Nutrition influences the fertilizability and hatchability (%) of 
fish eggs. However, in L rohita fertilizability and hatchability were 
not found affected by dietary protein levels, excepting at 20%, 
where lower values were noticeable for these parameters. 
Gunasekera etal. (1996b) found that at low (10%) level of dietary 
protein, O. niloticus continued to produce eggs but the eggs 
remained unfertilized. They also noted an improvement in 
fertilizability and hatchability of eggs with increase in level of 
dietary protein. In C carpio, hatching increased with dietary 
protein, whereas maximum fertilization (%) occurred at 35% and 
a marked decline at 4 1 % CP diet (Manissery et al., 2001). 
Watanabe et al. (1984a) reported low hatchability in the eggs of P. 
major at low protein diets. Similar results were reported for dwarf 
gourami, Colisa lalia by Shim et al. (1989), who suggested that 
high protein diets allowed female gouramis to produce more 
oocytes, and that these oocytes were more likely to hatch into 
larvae. 
Proximate composition of muscle in L. rohita varied with 
levels of dietary protein. In L rohita, an increase in muscle protein 
was evident up to a dietary protein level of 30%. Moisture content 
in muscle of L. rohita decreased with increasing levels of dietary 
protein. Low moisture and high protein values were similarly 
obtained in brood O. niloticus fed high protein diet (Gunasekera et 
al., 1997). There are, however, relatively few studies on the 
influence of dietary protein on body composition of broodfish. 
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In the eggs of L rohita, moisture and fat contents were not 
affected with variations in dietary protein. However, egg protein 
was lower in fish fed 20% than those fed 40% CP diet. Similarly, 
Gunaselcera et al (1996a, 1997) reported higher protein content in 
the eggs of O. niloticus fed high protein diet. Gunasekera et al. 
(1995) did not find any effect of dietary protein content on 
chemical composition of eggs in O. niloticus. They noted 
comparable values for protein, lipid and moisture in the eggs of 
tilapia fed diets with different levels of protein. Similar 
observations were made in P. major (Watanabe et al., 1985), O. 
mykiss (Takeushi et al., 1981; Washburn et al., 1990) and D. 
labrax (Creda etal., 1994). 
It may thus be concluded that for L rotiita a dietary protein 
level of 25% is optimum with regard to its reproductive 
performance, egg quality and proximate composition. An increase 
in dietary protein level beyond 25% seems to generate more 
somatic growth with no further improvement in reproductive 
performance, egg quality or proximate composition of eggs. 
Summary 
A 360-day feeding trial was conducted to observe the 
influence of varying levels of dietary protein on growth, 
reproductive performance, body and egg composition of rohu, L 
rohita. Twenty fish (40.4 ± 0.24 cm; 852 ± 4.9 g), stocked in 
outdoor concrete tanks (200 m^), in duplicate, were fed diets with 
varying levels (20, 25, 30, 35 and 40%) of protein. Fish were fed 
to apparent satiation, twice daily, at 0900 and 1700 h. Higher (P < 
0.05) weight increment was discernible In fish fed 30, 35 and 40% 
CP diets than those receiving 20% CP diet. GSI was comparable (P 
> 0.05) among different dietary groups, excepting 20% CP. 
4-5 
Similarly, egg diameter remained unaffected (P > 0.05) by 
variations in levels of dietary protein. Relative fecundity was 
maximum (P < 0.05) in those fed 25 and 30% CP diets and 
minimum (P < 0.05) in fish receiving 20% CP diet. With the 
exception of fish fed 20% CP diet, fertilizability (%) remained 
unaffected (P > 0,05) by variations in dietary protein level. 
Hatchability (%) followed the trend of variations almost similar to 
that of fertilizability. Muscle protein was higher (P < 0.05) in fish 
fed 30, 35 and 40% CP diets, while fat content was comparable (P 
> 0.05) among different dietary treatments, excepting at 20 and 
40% CP diets, which produced lower and higher values, 
respectively. Muscle ash content was comparable (P > 0.05) 
among fish of different dietary groups. Moisture content decreased 
with increasing dietary protein level. Protein content in the eggs 
was comparable (P > 0.05) among different dietary treatments, 
excepting in groups fed 20 and 40% CP diets, which exhibited 
significantly (P < 0.05) lower and higher values, respectively. The 
eggs showed comparable (P > 0.05) values for moisture and fat. 
For broodstock L rohita, a dietary protein level of 25% was found 
optimum with regard to its reproductive performance, egg quality 
and composition. An increase in dietary protein level beyond 25% 
seems to generate more somatic growth with no further 
improvement in reproductive performance, egg quality or 
proximate composition of eggs. 
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Chapter IV 
GROWTH, REPRODUCTIVE PERFORMANCE, BODY 
AND EGG COMPOSITION I N GRASS CARP, 
CTENOPHARYNGODON IDELLA (VALENCIENNES), FED 
HYDRILLA, AND FORMULATED DIETS W I T H VARYING 
PROTEIN LEVELS 
Introduction 
Grass carp, Ctenopharyngodon ide/la (Valenciennes), feeds 
naturally on a variety of macrophytes, and has been widely used 
for biological control of aquatic vegetation in various parts of the 
world. The worldwide distribution of this globaWy important food 
fish has been favoured by its wide food preferences and hardiness. 
Although long growing season and plentiful food supply can 
accelerate maturity, overfeeding on certain macrophytes may 
retard maturation in this fish (Shireman and Smith, 1983). Feeding 
exclusively on hydrilla reportedly leads to extensive mesentrtc fat 
accumulation which, In turn. Inhibits gonad development in C 
idella (Chen eta/., 1969). 
Broodflsh fed natural diets often produce eggs of better 
quality than those fed commercial diets (Brooks et a/., 1997). 
However, C. idella has been reported to show improved 
reproductive performance when reared on formulated diets (Davy 
and Chouinard, 1981; Rath et al., 1999). As mentioned in the 
previous Chapter, extensive research needs to be conducted on 
broodstock nutrition in fish. The importance of dietary protein for 
broodfish has also been discussed earlier. 
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C. idella, in India, is cultivated in combination with other 
freshwater major carps. Generally, the fish is used in vegetational 
management of ponds and lakes. 
The present experiment was conducted to examine the 
influence of feeding hydrilla {HydrHla verticillata), and formulated 
diets with varying protein levels, on growth, reproductive 
performance, body and egg composition in C. ide/la. 
Materials and methods 
Experimental trial 
Yearlings of female C idella (44.1 ± 0.3 cm; 913 ± 9 g) 
were stocked (20 fish tank"^) in concrete tanks (200 m^), supplied 
with groundwater, in duplicate. The experiment lasted 360 days. 
Natural photoperiod was maintained during the trial. Details of 
feeds, feeding method, water quality and water exchange rate are 
described elsewhere (General Methodology; page 9-10). Dissolved 
oxygen in the experimental tanks ranged between 4.2 to 9.0 ppm. 
At the end of the trial, twelve fish from each treatment (6 
fish/replicate) were induced bred with Ovaprim (Syndel 
Laboratories Ltd., Vancouver, Canada), to evaluate the 
reproductive performance. 
Growth, gonadosomatic index, egg diameter, and 
reproductive performance were assessed following standard 
definitions (Hardy, 1989; Hardy eta/., 1989; Hanley, 1991; Biswas 
1993; Gunasekera et al., 1996a,b) detailed under General 
Methodology (page 13-15). 
Experimental diets 
Details of dietary ingredients and method of diet preparation 
are described under General Methodology (page 8-9). 
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Experimental diets were formulated to contain varying levels of 
protein (20, 25, 30, 35 and 40%). Ingredient and proximate 
composition of experimental diets are given in Table 1. Calculated 
amino acid composition (NRC, 1993) of the diets is given in Table 
2. One of the fish groups was fed on hydrilla (dry matter 8%; 
crude protein 16%; crude fat 3.5%; ash 18.2%; crude fibre 27%) 
in bamboo squares, to apparent satiation, twice daily, at 0900 and 
1700 h. 
Analytical methods 
Proximate composition of feed ingredients, experimental 
diets, muscle and egg was analysed using standard methods 
(AOAC, 1995). Details of the analytical techniques are described 
elsewhere (General Methodology; page 10-13). 
Statistical analysis 
Details of statistical analysis are given in General 
Methodology (page 15). 
Results 
Growth, gonadosomatic index (GSI) and egg diameter of C 
idella fed hydrilla and formulated diets are given in Table 3. Fish 
fed 30 and 35% CP diets produced significantly (P < 0.05) higher 
weight increment than those receiving hydrilla, and 25 and 40% 
CP formulated diets. Fish groups receiving 20% CP diet registered 
the lowest weight increment. Higher (P < 0.05) GSI were observed 
m fish fed 25, 30, 35 and 40% CP diets. GSI in fish fed 25 and 
40% CP diets were, however, insignificantly (P > 0.05) different 
from those receiving 20% CP diet. Lowest (P < 0.05) GSI was 
seen in hydrilla-fed fish. Egg diameter was comparable (P > 0.05) 
in fish fed formulated diets with varying protein levels. Hydrilla-fed 
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fish exhibited smaller egg diameter, in comparison to those fed 30 
and 35% CP formulated diets. 
Results on reproductive performance of fish fed different 
diets are given in Table 4. Relative fecundity showed Insignificant 
{P > 0.05) variation among fish receiving formulated diets with 
varying protein levels. Lower (P < 0.05) relative fecundity was 
observed in hydrilla-fed fish, and the value was comparable to 
those fed 20, 25 and 40% CP formulated diets. Higher (P < 0.05) 
values for fertilizability (%) was noted in fish receiving 25, 30, 35 
and 40% CP diets. Fish fed hydrilla exhibited lowest (P < 0.05) 
fertilizability, comparable to the value obtained for fish receiving 
20% CP diet. Hatchability (%) followed the trend of variations 
almost similar to that of fertilizability. 
Results on the proximate composition of muscle are given in 
Table 5. Crude protein content in muscle increased with increase in 
dietary protein. Higher (P < 0.05) muscle protein content obtained 
in fish fed 35% CP diet was comparable (P > 0.05) to those 
receiving 30 and 40% CP diets. Hydrilla-fed fish produced lowest 
(P < 0.05) value for crude protein. Muscle fat was comparable (P > 
0.05) among fish receiving formulated diets. Higher (P < 0.05) fat 
content was observed in fish fed hydrilla. Ash content did not vary 
significantly (P > 0.05) among fish of different dietary groups. 
Moisture content in fish fed formulated diets, with the exception of 
20% CP diet, varied insignificantly (P > 0.05). 
Results on the proximate composition of eggs are given in 
Table 6, Crude protein was higher (P < 0.05) in the eggs of fish 
fed 25, 30, 35 and 40% CP diets, and lower (P < 0.05) in those of 
fish receiving 20% CP diet or hydrilla. Fat content in the eggs of 
hydrilla-fed fish was comparable (P > 0.05) with the values for all 
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the dietary groups, excepting 35% CP group. Higher (P < 0.05) 
moisture content obtained in the eggs of fish fed hydrilla was 
comparable with the values recorded for those receiving 20, 25 
and 30% CP diets. Fish fed 35 and 40% CP diets exhibited lower (P 
< 0.05) moisture than those fed hydrilla. 
Discussion 
Nature and composition of broodstock diet affected the 
performance of C. idella in terms of overall growth, flesh quality 
and reproductive performance. Fish fed formulated diets produced 
better growth and reproductive performance than those fed 
hydrilla. Weight increment was discernible with increase in dietary 
protein up to 35% CP beyond which a marked decline in fish 
growth occurred. The decrease in fish growth at higher protein 
levels has also been observed by other workers (Dabrowski, 1977; 
Singh and Bhanot, 1988; Das and Ray, 1991; Khan and Jafri, 
1991). Jauncey (1982b) suggested that this decrease in growth 
with protein could be the result of reduction in dietary energy 
available for growth, as extra energy is required to deaminate and 
excrete the excess amino acids absorbed. Rath et al. (1999) 
reported that C. idella fed formulated diet produced higher values 
for breeding response, eggs produced, fertilization and spawn 
recovery than those fed on foliage (hydrilla) diet. Davy and 
Chouinard (1981) observed higher GSI (25%) in female grass carp 
fed a mixture of trash fish and chicken feed. They also found that 
excessive feeding with macrophytes tend to cause accumulation of 
mesentric fat, inhibiting ovarian maturation. 
Although multiple breeding has been reported in grass carp, 
formulation for a balanced broodstock diet is not available mainly 
due to lack of information on nutritional requirements of broodfish. 
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In the present study, GSI increased with dietary protein intalce up 
to a level of 35%. Dahlgren (1980) observed higher GSI in female 
guppy, Poecilia reticulata, fed high (47%) than low (15 and 31%) 
protein diets. Sinnilarly, Shim et al. (1989) recorded higher GSI in 
dwarf gourami; Colisa lalia, fed a high protein diet. However, there 
are also reports of dietary protein levels producing no significant 
effect on GSI. In tilapia, Oreochromis niloticus, GSI was not 
affected by the level of protein in the diet (Cumaratunga and 
Mallika, 1991; Gunasekera and Lam, 1997; Gunasekera et aL, 
1997). It appears that relationship between GSI and dietary 
protein varies with species, culture condition and composition of 
diet Singh and Dhawan (1996) reported that common carp, 
Cyprinus carpio, fed formulated diet with low (31%) protein 
produced higher GSI than those fed high (34 and 38%) protein 
diets. Lower values for GSI observed during the present study at 
20% CP level may also be attributed to dietary protein quality. 
With increasing protein level, the levels of fishmeal, soybean and 
groundnut meal increased at the expense of rice bran and corn 
flour, resulting in improved fish performance. Watanabe et al. 
(1984b) reported that in red seabream, Pagrus major, diets 
containing cuttlefish meal produced higher GSI than white 
fishmeal. 
In C. idella, egg diameter was not affected by varying 
dietary protein levels. However, compared to hydrilla-fed fish, fish 
fed 30 and 35% CP formulated diets produced eggs with 
significantly larger diameter. Gunasekera et al. (1996b, 1997) 
reported that in O. niloticus, diameter of spawned eggs did not 
vary with the levels of protein in broodstock diet. Similar 
observations were made by Watanabe et al, (1984a) on P. major. 
Excessive feeding in fish leads to increase in total number but not 
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the size of the eggs (Kjorsvik et aL, 1990). Similarly, egg diameter 
was not found affected In P. reticulata fed diets with varying 
protein levels (Dahlgren, 1980), and in European sea bass, 
Dicentrarchus labrax, fed diets containing different levels of 
protein and carbohydrate (Cerda et aL, 1994). However, there are 
few reports of variation in egg diameter with levels of protein 
intake. Manissery et aL (2001) recorded larger egg diameter in C 
carpio at 35 than 4 1 % dietary protein. Cumaratunga and Mallika 
(1991) reported that in O. niloticus, oocyte diameter (at different 
oocyte stages) varied with levels of dietary protein. 
Relative fecundity (eggs kg"^ body weight) in C. idella was 
not found affected by varying levels of protein in formulated diets. 
Hydrilla-fed fish exhibited relative fecundity lower than those for 
other dietary groups excepting 30 and 35% CP diets. Rath et aL 
(1999) reported low fecundity In grass carp fed hydrilla in 
comparison to those fed formulated diet. In O. niloticus, relative 
fecundity was found unaffected by variations in dietary protein 
level (Gunasekera et aL, 1996a). Santiago et aL (1983) reported 
that in Sarotherodon niloticus, mean number of eggs per spawning 
did not vary with variations in dietary protein level. Similar 
observations were reported for P. reticulata (Dahlgren, 1980). 
However, some workers observed fecundity varying with levels of 
dietary protein. Higher dietary protein Intake increased the total 
number of eggs produced per female in O. niloticus (Siddiqui et aL, 
1998), and number of eggs per kg body weight in bighead carp, 
Aristichthys nobilis (Santiago et aL, 1991). Pathmasothy (1985) 
also noted enhanced fecundity at higher (32 and 40%) dietary 
protein levels in Leptobarbus hoevenii. However, O. niloticus 
exhibited higher relative fecundity at lower (20%) than higher (25 
and 30%) dietary protein (De Sllva and Radampola, 1990). 
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Likewise, Manissery et al (2001) reported maximum fecundity in C 
carpio at 35% and minimum at 4 1 % protein diet. 
Fertilizability and hatchability (%) of fish eggs are also 
influenced by broodstock nutrition. In the present study, hydrilla-
fed fish produced lower values for these parameters than those fed 
formulated diets. These findings seem in agreement with the 
results reported by Rath et al. (1999) where hydrilla-fed grass 
carp produced lower fertilization and hatching than those fed 37% 
CP formulated diet. In the present experiment, formulated diets 
containing _^  25% protein produced comparable values both for 
fertilizability and hatchability. Gunasekera et al. (1996b) noted an 
improvement in these parameters with increase in dietary protein 
level in O. niloticus. These workers reported that at very low levels 
of dietary protein (10%), tilapia continued to produce eggs but the 
eggs were not fertilized. In C carpio, hatching tended to increase 
with increasing levels of dietary protein, with highest fertilization 
occurring at 29 and 35% and a decline at 4 1 % dietary protein 
(Manissery et al., 2001). Watanabe et al. (1984a) reported that P. 
major fed low protein diets produced eggs with low hatchability. 
Similar observations were also made in C lalia by Shim et al. 
(1989) who suggested that high protein diets allowed female 
gourami to produce more oocytes, and that these oocytes were 
more likely to hatch into larvae. 
Muscle protein and moisture contents in C. idella varied with 
dietary protein intake, however, fat and ash contents remained 
unaffected. As stated in the preceding Chapter (page 42), only few 
reports are available on the influence of dietary protein on muscle 
composition of broodfish. 
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Proximate composition of eggs in C idella was not affected 
with varying dietary protein levels, except in fish at 20% CP diet 
where lower protein value was recorded. Gunasekera et al. 
(1996a) reported higher protein content in the eggs of O. niloticus 
fed 35% than those fed 10 and 20% CP diets. Similarly, 
Gunasekera et al. (1997) observed lower protein content in the 
eggs of O. niloticus fed 10% CP diet, In comparison to those 
receiving 20 and 35% CP diets. On the contrary, Gunasekera et al. 
(1995) reported that dietary protein content did not affect the egg 
chemical composition in O. niloticus. They noted comparable 
values for protein, lipid and moisture in the eggs of fish fed diets 
with varying protein levels. Similar observations were made in P. 
major (Watanabe et a/., 1985), rainbow trout, Oncorhynchus 
mykiss (Takeushi et a/., 1981 ; Washburn et at,, 1990) and D. 
labrax (Cerda etal., 1994). 
Results of the present study indicate that in C. idella, 
dietary protein level influences the reproductive performance up to 
a level beyond which it may cease to have any effect. I t is evident 
that C, idella requires a minimum of 25% dietary protein for better 
reproductive performance. However, if growth is also taken into 
consideration, a dietary protein level of 30% would be optimum to 
produce fish of higher weight with better flesh quality and 
improved reproductive performance. Almost similar results were 
obtained on L. rohita fed formulated diets with varying levels of 
protein (see Chapter I I I ) . 
Summary 
Effects of feeding hydriila, and formulated diets with varying 
protein levels, were examined on the growth, reproductive 
performance, body and egg composition in grass carp, 
>^i 
Ctenopharyngodon ide/la. Five experimental diets, with varying 
levels (20, 25, 30, 35 and 40%) of crude protein, were used. One 
of the fish groups was fed on hydrilla. Fish (44.1 ± 0.3 cm; 913 ± 
9 g) were stocked (20 tank'^) in outdoor concrete tanks (200 m^), 
in duplicate, and fed to apparent satiation, twice daily, at 0900 and 
1700 h. Fish fed 30 and 35% CP diets produced significantly {P < 
0.05) higher weight increment than those fed hydrilla. Fish groups 
receiving 20% CP diet recorded the lowest weight increment. 
Higher (P < 0.05) GSI were observed in fish fed 25, 30, 35 and 
40% CP diets. Lowest (P < 0.05) GSI was recorded in hydrilla-fed 
fish. Egg diameter in fish fed formulated diets, with varying protein 
levels, was comparable (P > 0.05). Hydrilla-fed fish exhibited 
smaller egg diameter, in comparison to those fed 30 or 35% CP 
diets. Relative fecundity showed insignificant (P > 0.05) variation 
among fish receiving formulated diets. Lower (P < 0.05) relative 
fecundity was observed in hydrilla-fed fish. Higher (P < 0.05) 
fertilizability (%) was noted in fish receiving 25, 30, 35 and 40% 
CP diets. Fish fed hydrilla exhibited lowest (P < 0.05) fertilizability, 
comparable to the value obtained in fish receiving 20% CP diet. 
Hatchability (%) followed the trend of variations almost similar to 
that of fertilizability. Crude protein content in muscle increased 
with dietary protein level. Muscle protein was higher (P < 0.05) in 
fish fed 35% CP diet. Hydrilla-fed fish produced lowest (P < 0.05) 
value for crude protein. Muscle fat was comparable (P > 0.05) 
among fish receiving formulated diets. Higher (P < 0.05) fat 
content was observed in fish fed hydrilla. Ash content did not vary 
significantly (P > 0.05) among fish of different dietary groups. 
Moisture content in fish fed formulated diets, with the exception of 
20% CP diet, varied insignificantly (P > 0.05). Crude protein 
content in eggs was higher (P < 0.05) in fish fed 25, 30, 35 and 
40% CP diets and lower (P < 0.05) in fish receiving 20% CP or 
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hydrilla as diet. Fat content in the eggs of hydrilla-fed fish was 
comparable (P > 0.05) with the values obtained for other dietary 
groups, excepting 35% CP. Higher (P < 0.05) nnoisture content 
was noted in the eggs of hydrilla-fed fish. Fish fed 35 and 40% CP 
diets exhibited lower (P < 0.05) moisture than those fed hydrilla. 
Results of the present study indicate that in C idella, dietary 
protein level influences the reproductive performance up to a level 
beyond which it may cease to have any effect. It is evident that C. 
idella requires a minimum of 25% dietary protein for better 
reproductive performance. However, if growth is also taken into 
consideration, a level of 30% protein in the diet would be 
optimum. 
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Chapter V 
IMPACT OF POLYHOUSE REARING DURING WINTER ON 
OVARIAN MATURITY, GROWTH, MUSCLE AND EGG 
COMPOSITION OF CARPS : A PRELIMINARY STUDY 
Introduction 
Availability of pure and healthy fish seed is vital for the 
continued development of aquaculture. The ability to control 
sexual maturation and spawning of the species under cultivation is, 
therefore, considered a primary requirement for efficient 
broodstock management and good farming practice. 
Sexua} development and spawning in cyprinids is modulated 
both by photoperiod and temperature, with the latter having a 
predominant influence in most species (Bye, 1984). Sundararaj 
and Vasal (1976) reported that catfish can use photoperiodic cues 
but these are unimportant under natural conditions, and that the 
key factor regulating the reproductive cycle is water temperature. 
Several other workers have also maintained that temperature is a 
major environmental factor affecting the reproductive cycle and 
spawning in fishes (Lam, 1983; Richter et aL, 1987; Chmilevskiy 
and Lavrova, 1990; Van Der Kraak and Pankhurst, 1997; Webb et 
aL, 1999). Oogenesis is highly temperature dependent and when 
temperature conditions are optimal it is possible to obtain several 
spawnings in a year, provided the fish have been suitably fed 
(Billard, 1999). 
Gonadal development in carps is suspended during winter 
season until the environment is warm enough for final maturation 
and ovulation. One of the methods employed to overcome this 
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problem is to make use of a polyhouse, described earlier, in 
obtaining a suitable water temperature. 
The objective of the present study was to examine the 
impact of polyhouse on ovarian maturity, growth, and proximate 
composition of muscle and eggs in carps during winter. The fishes 
selected for this experiment (Labeo rohita; Catia catia; 
Ctenopharyngodon idella; Hypophthalmichthys molitrix) are 
seasonal spawners which undergo annual reproductive cycles in 
response to environmental cues, breeding freely during monsoon 
months in flowing waters of their natural habitat but failing to 
spawn naturally in static water of ponds or tanks. As a result, seed 
production in these fishes, naturally or artificially, remain restricted 
to a few months during monsoon. However, there are reports of 
multiple breeding of carps from a few coastal Indian states, where 
winter is characterized by only a moderate decline in temperature. 
Most of the inland Indian states experience very low temperature 
during winter, wherein water temperature often falls below 10 °C, 
thereby affecting the overall growth of fish and their maturational 
cycle. 
Materials and methods 
Experimentaf triaJ 
Eight females each of L rohita (53 ± 2.7 cm; 1678 ± 34 g), 
C. cat/a (49 ± 1.6 cm; 1396 ± 36 g), C idella (63.4 ± 1.8 cm; 
2895 ± 22 g) and H. molitrix (60.1 ± 2.2 cm; 2408 ± 28 g) of 2+ 
age group, obtained from the same broodstock, were stocked, in 
250 m^ polyhouse and outdoor concrete tanks, in duplicate. 
Description of polyhouse and outdoor tanks are given under 
General Methodology (page 9). Fishes were acclimated to 
experimental diets for a fortnight. They were fed to apparent 
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satiation, twice daily, at 0900 and 1700 h. Feeding strategies 
employed during the trial are discussed elsewhere (General 
Methodology; page 9-10). The experiment lasted 122 days (9 
December - 9 April). Natural photoperiod was maintained 
throughout the experiment. During the trial, water temperature in 
polyhouse and outdoor concrete tanks varied between 19 ± 0.61 
to 30 ± 0.98 °C and 14.8 ± 1.2 to 25.2 ± 0.84 °C, respectively. 
Dissolved oxygen in both the tanks ranged between 4.1-8.7 ppm. 
Growth, gonadosomatic index, egg diameter and maturity 
status were assessed following standard definitions (Hardy, 1989; 
Hardy eta/. , 1989; Hanley, 1991; Biswas,1993; Gunasekera eta/., 
1996a,b) as given under General Methodology (page 13-15). 
Experimental diets 
Details of the dietary ingredients used and method of diet 
preparation are described elsewhere (General Methodology; page 
8-9). Ingredient and proximate composition of diet is given in 
Table 1. 
Assessment of oocyte maturity 
Position of nucleus (germinal vesicle) in the oocytes was 
used to assess the maturity stages (Billard, 1999). Oocytes were 
placed in a solution of 95% alcohol, glycerine and acetic acid 
(6:3:1) for 15 min, to clear the yolk, in order to determine the 
position of the germinal vesicle. 
Analytical methods 
Proximate composition of diet, fish muscle and eggs was 
analysed using standard methods (AOAC, 1995) as described 
under General Methodology (page 10-13). 
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statistical analysis 
Details of statistical analysis are given in General 
Methodology (page 15). 
Results 
Results relating to the growth and maturity of Indian major 
carps {L rohita and C. catia) are given in Table 2. Weight 
increment and gonadosomatic index (GSI) were significantly (P < 
0.05) higher in polyhouse-reared L. rohita and C. catla. Total 
number of eggs/fish obtained in L. rohita from polyhouse and 
outdoor tanks were insignificantly (P > 0.05) different. However, 
higher (P < 0.05) egg counts were recorded in C. catla from 
polyhouse. Number of eggs/g body weight was comparable (P > 
0.05) for the two species reared in polyhouse and outdoor tanks. 
Egg diameter was significantly (P < 0.05) larger in polyhouse-
reared fishes. 
Growth and maturity parameters in Chinese carps (C. idella 
and f-l. molithx) are given in Table 3. Polyhouse-reared fishes 
exhibited higher (P < 0.05) weight increment and GSI. However, 
insignificant (P > 0.05) variation was noticed for total number of 
eggs/fish and number of eggs/g body weight in fishes from both 
polyhouse and outdoor tanks. Egg diameter was larger (P < 0.05) 
in polyhouse-reared C idella and H. molitrix. 
It was seen that Chinese carps attained maturity about 2 
weeks earlier than the Indian major carps. The stage of oocyte 
maturation varied between fishes reared in polyhouse and outdoor 
tanks. Polyhouse-reared Indian major carps and Chinese carps 
possessed most of the oocytes (>70%) at migrating germinal 
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vesicle stage. Fishes reared in outdoor tanks, on the other hand, 
exhibited oocytes (> 70%) at the central germinal vesicle stage. 
Proximate composition of muscle of L rohita and C. cat/a 
from potyhouse and outdoor tanks are given in Table 4. Muscle 
protein and fat contents were higher (P < 0.05) in polyhouse-
reared fishes. Ash content was comparable (P > 0.05) in L rohita 
from both the tanks, but significantly (P < 0.05) lower m 
polyhouse-reared C. cat/a. Moisture content in the muscle was 
significantly (P < 0.05) lower in polyhouse-reared Indian major 
carps. 
Proximate composition of muscle of Chinese carps (C ide/la 
and H. molithx) are given in Table 5. Protein content was higher (P 
< 0.05) in polyhouse-reared C. ide/la but comparable (P > 0.05) in 
H. molitrix reared in polyhouse and outdoor tanks. Polyhouse-
reared fishes contained significantly (P < 0.05) higher fat content. 
Fishes reared in both the tanks showed comparable (P > 0.05) ash 
content in their muscle. Muscle moisture was significantly (P < 
0.05) lower in polyhouse-reared fishes. 
Proximate composition of eggs of Indian major carps reared 
in polyhouse and outdoor tanks are given in Table 6. Polyhouse-
reared fishes exhibited higher protein (P < 0.05) and fat (P < 
0.01) contents in their eggs. Moisture content was, however, 
significantly (P < 0.01) lower in the eggs of these fishes. 
Proximate composition of eggs of Chinese carps are given in 
Table 7. Protein (P < 0.05) and fat (P < 0.01) contents were 
higher in the eggs of polyhouse-reared Chinese carps. However, 
moisture was significantly (P < 0.01) lower in the eggs of these 
fishes. 
60 
Discussion 
Rearing fish in polyhouse had a significant impact on 
growth, and advancement in the attainment of maturity in Indian 
major carps (/.. rohita; C. catia) and Chinese carps (C. idella; H. 
molitrix). Throughout the experiment, water temperature 
remained higher in polyhouse (19-30 °C) than outdoor tanl<s 
(14.8-25.2 °C). In most fishes, higher temperature curtails, while 
lower temperature extends the period of optimum ripeness (Gillet, 
1991). Higher temperature has been reported to accelerate the 
attainment of maturity in tench. Tinea tinea (Breton, et al., 
1980a,b; Pimpicka and Koryzno, 1995), catfish, Ciarias 
maerocephalus (Pacoli e ta/ . , 1985), Atlantic salmon, Salmo salar, 
male parr (Berglund, 1995), mummichog, Fundulus heteroelitus 
(Shimizu, 1995), Aphanius dispar (Frenkel and Goren, 1997) and 
black bass, Mieropterus saimoides (Martin et al., 1997). Elevated 
temperatures advanced attainment of maturation and prolonged 
spawning in T. tinea, but blocked the ovarian development at 
temperatures below 10 °C (Breton et a/., 1980a,b). Higher 
temperature also enhanced sexual maturation and promoted the 
final stages of gametogenesis in goldfish, Carassius auratus (Gillet 
and Billard, 1981) and chub, Couesius plumbeus (Ahsan, 1966). 
Davies et a/. (1995) reported that borehole water (8.5 ± 1 °C) 
produced 3-4 week advanced spawning in female rainbow trout in 
comparison to river water (0-21 °C), exposed to similar 
photoperiods. Young (1988) observed that temperature had the 
strongest effect on ovarian maturation, in terms of oocyte growth 
and fecundity, in Chinese catfish, Ciarias fuscus. 
GSI and egg diameter are considered important parameters 
for the assessment of maturity. Results of the present study 
indicate that culture conditions markedly influence these 
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parameters in Indian major carps (/.. rohita; C. catia) as well as 
Chinese carps (C. idella) H. mo/itrix). Higher temperature in 
polyhouse caused an increase in GSI and egg diameter of these 
fishes. Pacoli et at. (1985) reported that rearing of C 
macrocephalus at higher (32 °C) and ambient temperatures (27-30 
°C) produced higher GSI than those maintained at 22°C. Shimizu 
(1995) observed that Fundu/us heteroclitus, kept under 
warmwater (16 °C), showed marked gonadal development and 
attained functional maturity, regardless of photoperiod (11 or 
16L), in comparison to fish kept under low temperature (7 °C). Van 
Der Kraak et a/. (1998) attributed the massive growth of oocytes 
in oviparous fishes to the uptake of glycophosphoprotein egg yolk 
precursor, vitellogenin. The process of yolk accumulation during 
oogenesis, termed vitellogenesis, is recognised as the event 
responsible for increase in egg diameter, and, therefore, GSI. 
In the present experiment, the stage of oocyte maturity in 
fishes was further confirmed by observing the position of nucleus 
(germinal vesicle) in the oocyte. Billard (1999) considered this as a 
good sign and reference point for the stage reached in female 
maturational cycle of carps. During the present study, migrating 
germinal vesicles were observed in the oocytes of Indian major 
carps and Chinese carps reared in polyhouse. However, fishes 
reared in outdoor tanks exhibited central nucleus in their oocytes. 
In polyhouse-reared fishes, migrating germinal vesicles in majority 
of the oocytes (>70%) were observed about two weeks earlier in 
Chinese carp in comparison to Indian major carps. This difference 
in oocyte maturation could be explained by the fact that in this 
part of the country, under natural conditions, Chinese carps 
mature and breed earlier (last week of May) than the Indian major 
carps (first week of July). Jhingran and Pullin (1988) suggested 
that increasing day length and rising temperature accelerates 
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ovarian development in these carps. Blllard (1999) described four 
distinctive phases in female gametogenesis of carps. In the 
present study, polyhouse-reared fishes contained most of the 
oocytes at stage three (accumulation of yolk and growth of 
oocytes in diameter). However, fishes reared in outdoor tanks 
contained maximum oocytes at stage two, having comparatively 
smaller diameter. Total number of eggs/fish and number of eggs/g 
body weight were not found affected by culture conditions in the 
above fishes. 
Earlier workers used polyhouse to enhance fish production 
during winter. Bandyopadhyay et al. (2000) reported enhanced 
production of L rohita in polyhouse than natural ponds from 
Orissa, India. Similar observations were made by Pillai et al. 
(1999) on M, rosenbergii at the same experimental station. These 
workers recorded a moderate increase in water temperature in 
polyhouse (min 21 °C; max 31 °C) compared to that in the natural 
pond (min 17 °C; max 28 °C). In the present experiment also, 
polyhouse-reared fishes exhibited higher weight increment. The 
average minimum water temperature in polyhouse was 19 °C as 
against 14.8 °C in outdoor tanks. The minimum temperature in 
outdoor tanks often fell below 10 °C during January to mid-
February, whereas in polyhouse it remained above 15 °C. 
The level of investment made by the female fish in yolk 
production is of critical importance for the survival of developing 
young (Jobling, 1993). The variation observed in the proximate 
composition of eggs and muscle of fishes reared in polyhouse and 
outdoor tanks could be attributed to differential gonadal growth in 
the two culture systems. No reports are available on the influence 
of temperature on proximate composition of fish eggs. However, 
there are few reports relating to proximate compostion of ripe and 
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unspawned eggs (Hasan and Jafri, 1964), and ovary during 
recovery stage (Jafri and Qasim, 1966) in some freshwater fishes, 
and fertilized eggs of C. catia and L rohita (Sharma et aL, 2000). 
Jafri (1968) reported higher amounts of protein and fat, and lower 
moisture content in ripe eggs than those in the ripening stage in 
Cirrhinus mrigala. In the present study, higher temperature in 
polyhouse induced advancement in maturity and ripening, 
characterized by higher accumulation of protein and fat in the 
eggs. Muscle of polyhouse-reared fishes also contained higher 
protein and fat contents. Inverse relationship between moisture 
and fat contents observed in the eggs and muscle, is in agreement 
with the findings on other fishes (Jafri, 1968; Shearer, 1994). 
The impact of polyhouse on advancement in the attainment 
of maturity in Indian major carps and Chinese carps suggests its 
utility for seed production, particularly in areas experiencing 
severe winter conditions, where fish seed is normally available in 
late July/August. Many inland Indian states experience about four 
months of winter season, wherein favourable culture period is 
reduced to only about eight months. Early availability of good 
quality seed would help farmers to exploit the entire favourable 
growth period for enhanced fish production. 
However, to get a better picture of the impact of polyhouse 
on ovarian maturity, it would be desirable to obtain additional data 
on aspects such as rate of vitellogenesis and level of vitellogenin in 
the egg and liver of these fishes. 
Summary 
Impact of polyhouse was examined on ovarian maturity, 
growth, muscle and egg composition in Indian major carps {Labeo 
rohita; Cat/a cat/a) and Chinese carps {Ctenopharyngodon idel/a; 
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Hypophthalmichthys molitrix) during winter. Eight females (2+ age 
group) of each species, were stocked in polyhouse and outdoor 
concrete tanks (250 m^), in duplicate. Fishes were fed formulated 
diet (30% CP) to apparent satiation, twice daily, at 0900 and 1700 
h. The trial lasted 122 days under natural photoperiod. Water 
temperature ranged between 19.0 ± 0.61 to 30.0 ± 0.98 °C in 
polyhouse and 14.8 ± 1.2 to 25.2 ± 0.84 °C in outdoor tanks. 
Weight increment and gonadosomatic index (GSI) were 
significantly (P < 0.05) higher in polyhouse-reared L rohita and C. 
catla. Total number of eggs/fish obtained in L. rohita from 
polyhouse and outdoor tanks were insignificantly (P > 0.05) 
different. However, higher (P < 0.05) egg counts were recorded in 
C. catla from polyhouse. Number of eggs/g body weight was 
comparable (P > 0.05) for the two species reared in polyhouse and 
outdoor tanks. Egg diameter was larger (P < 0.05) in polyhouse-
reared Indian major carps. Polyhouse-reared Chinese carps 
exhibited higher (P < 0.05) weight increment and GSI. However, 
insignificant (P > 0.05) variation was noticed for total number of 
eggs/fish and number of eggs/g body weight in these fishes from 
both the polyhouse and outdoor tanks. Egg diameter was larger (P 
< 0.05) in polyhouse-reared C. idelfa and H. molitrix. It was seen 
that Chinese carps attained maturity about 2 weeks earlier than 
the Indian major carps. The stage of oocyte maturation varied 
between fishes reared in the two culture systems.Polyhouse-reared 
fishes possessed most oocytes (>70%) at migrating germinal 
vesicle stage, while those reared in outdoor tanks exhibited these 
at the central germinal vesicle stage. Muscle protein and fat 
contents were higher (P < 0.05) in polyhouse-reared Indian major 
carps. Ash content in muscle was comparable (P > 0.05) in L. 
rohita from both the tanks, but lower (P < 0.05) in polyhouse-
reared C catla. Moisture content in the muscle of polyhouse-
r)S 
reared Indian major carps was lower (P < 0.05). Muscle protein 
content was higher (P < 0.05) In polyhouse-reared C. idella but 
comparable (P > 0.05) in H. molitrix from the two tanks. These 
fishes contained significantly (P < 0.05) higher fat content when 
reared in polyhouse. Fishes from both the tanks showed 
comparable (P > 0.05) ash content in their muscle. Muscle 
moisture was significantly (P < 0.05) lower in polyhouse-reared 
Chinese carps. Polyhouse-reared Indian major carps and Chinese 
carps exhibited higher protein (P < 0.05) and fat (P < 0.01), and 
lower (P < 0.01) moisture contents in their eggs. An advancement 
in attainment of maturity was evident in these carps when reared 
in polyhouse during winter. 
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GENERAL SUMMARY 
GENERAL SUMMARY 
The information generated on the effects of feeding and 
nutritional strategies on fish growth has been compiled in the form 
of this thesis. Part I of the thesis contains information on 
developing fishmeal-free diets for fingerling rohu, Labeo rohita 
(Hamilton), and strategies to rear the fish to marketable-size. Part 
11 deals with the effects of varying levels of dietary protein on 
growth, reproductive performance, body and egg composition in L. 
rohita and grass carp, Ctenopharyngodon idella (Valenciennes). 
This section also contains information on the impact of polyhouse 
rearing during winter on attainment of maturity in carps (/.. rohita; 
C. idella; Catia catia Hamilton; Hypophthalmichthys molitrix 
Valenciennes). 
A 56-day feeding trial was conducted to evaluate the 
growth, feed util ization and body composit ion of f ingerl ing rohu, 
Labeo rohita (4.5 ± 0.2 cm; 2.58 ± 0.04 g), fed diets 
contammg oilseed meals [soybean meal (SBM); groundnut meal 
(GNM); canola meal (CM)], with or wi thout f ishmeal (FM). Five 
isonitrogenous (35% CP) and isocaloric (3.75 kcal g'^ 
metabolizable energy) diets were formulated. Fish were stocked 
in 55-L water capacity indoor polyvinyl f low-through (1-1.5 L 
min'^) tanks, in tr ipl icate, and fed, twice daily (0900 and 1700 
h), to apparent satiation. Per cent live weight gain and specific 
growth rate (SGR %) were significantly higher (P < 0.05) in fish 
fed diet I (FM), followed by fish receiving diets I I (SBM) and V 
(FM + SBM + GNM + CM). Fish fed diets I I I (GNM) and IV (SBM 
+ GNM + CM) exhibited significantly lower values for these 
parameters. Feed conversion ratio (FCR) was better (P < 0.05) 
in fish fed diets I and I I . Protein efficiency ratio (PER) followed 
the pattern similar to that of FCR. Proximate composition of fish 
carcass showed that crude protein was higher (P < 0.05) in fish 
fed diets I, I I and V. Fish fed diet IV showed higher (P < 0.05) 
fat content, while lower fat was found in fish fed diets I and I I . 
Maximum {P < 0.05) ash content was obtained in fish fed diet 
I I I and minimum in fish fed diet I I . Moisture content did not 
vary significantly {P > 0.05) among dietary groups. Results of 
70-day growth trial conducted to observe the effects of gradual 
replacement of FM with SBM in diets for fingerling L. rohita 
revealed comparable (P > 0.05) growth, feed utilization and 
carcass composition among fish of different dietary groups. 
A 122-day growth trial was conducted to observe the impact 
of polyhouse in winter, on growth, conversion efficiencies and body 
composition of fingerling L rohita (7.9 ± 0.8 cm; 4.60 ± 0.02 g). 
Fish were stocked (15000 ha'^) in polyhouse and outdoor concrete 
tanks (250 m^), in duplicate, and fed compounded diet (35% CP) 
to apparent satiation, twice daily, at 0900 and 1700 h. Natural 
photoperiod was maintained during the trials. At the end of the 
trial, poly house-reared fish produced significantly (P < 0.01) 
higher values for weight increment, SGR, PER and protein 
deposition and better FCR. Fish reared in polyhouse showed higher 
(P < 0.05) crude protein and fat, and lower (P < 0.05) moisture 
and ash contents in their muscle. Polyhouse-reared young L. rohita 
(21.7 ± 1.1 cm; 127.8 ± 0.69 g) were raised to marketable-size in 
outdoor earthen ponds (500 m^), at a stocking density of 3700 ha' 
\ to examine the effects of feeding traditional feed mixture and 
compounded diet (30% CP) on growth and body composition of 
fish. L. rohita fed compounded diet showed higher (P < 0.01) 
values for weight increment, SGR, PER and protein deposition, and 
better (P < 0.01) FCR than those fed traditional feed. Proximate 
composition of muscle showed higher (P < 0.05) crude protein and 
fat, and lower [P < 0.05) moisture and ash contents m fish fed 
compounded diet. 
A 360-day feeding trial was conducted to observe the 
influence of varying levels of dietary protein on growth, 
reproductive performance, body and egg composition of rohu, 
L. rohita. Twenty fish (40.4 ± 0.24 cm; 852 ± 4.9 g), stocked 
in outdoor concrete tanks (200 m^), in duplicate, were fed diets 
with varying levels (20, 25, 30, 35 and 40%) of protein. Fish 
were fed to apparent satiation, twice daily, at 0900 and 1700 h. 
Higher (P < 0.05) weight increment was discernible in fish fed 
30, 35 and 40% CP diets than those receiving 20% CP diet. GSI 
was comparable (P > 0.05) among different dietary groups, 
excepting 20% CP. Similarly, egg diameter remained unaffected 
(P > 0.05) by variations in levels of dietary protein. Relative 
fecundity was maximum (P < 0.05) in fish fed 25 and 30% CP 
diets and minimum (P < 0.05) in those receiving 20% CP diet. 
With the exception of fish fed 20% CP diet, fertilizability (%) 
remained unaffected (P > 0.05) by variations in dietary protein 
level. Hatchability (%) followed the trend of variations almost 
similar to that of fertilizability. Muscle protein was higher (P < 
0.05) in fish fed 30, 35 and 40% CP diets, whiie fat content was 
comparable (P > 0.05) among different dietary treatments, 
excepting at 20 and 40% CP diets, which produced lower and 
higher values, respectively. Muscle ash content was comparable 
(P > 0.05) among fish of different dietary groups. Moisture 
content decreased with increasing dietary protein level. Protein 
content in the eggs was comparable (P > 0.05) among different 
dietary treatments, excepting in groups fed 20 and 40% CP 
diets, which exhibited significantly (P < 0.05) lower and higher 
values, respectively. The eggs showed comparable (P > 0.05) 
values for moisture and fat. 
Effects of feedmg hydri l la, and formulated diets wi th 
varymg protein levels, were examined on the growth, 
reproductive performance, body and egg composit ion in grass 
carp, Ctenopharyngodon idella. Five experimental diets, with 
varying levels (20, 25, 30, 35 and 40%) of crude protein, were 
used. One of the fish groups was fed on hydri l la. Fish (44.1 ± 
0.3 cm; 913 ± 9 g) were stocked (20 tank ^) in outdoor 
concrete tanks (200 m^), in duplicate, and fed to apparent 
satiat ion, twice daily, at 0900 and 1700 h. Fish fed 30 and 35% 
CP diets produced significantly (P < 0.05) higher weight 
mcrement than those fed hydri l la. Fish groups receiving 2 0 % 
CP diet recorded the lowest weight increment. Higher (P < 
0.05) GSI were observed in fish fed 25, 30, 35 and 4 0 % CP 
diets. Lowest {P < 0.05) GSI was recorded in hydri l la-fed f ish. 
Egg diameter in fish fed formulated diets, with varying protein 
levels, was comparable (P > 0.05). Hydnl la-fed fish exhibited 
smaller egg diameter, m comparison to those fed 30 or 3 5 % CP 
diets. Relative fecundity showed insignificant (P > 0.05) 
variation among fish receiving formulated diets. Lower (P < 
0.05) relative fecundity was observed in hydnl la- fed fish. 
Higher (P < 0.05) fertt l izabil i ty (%) was noted in fish receiving 
25, 30, 35 and 40% CP diets. Fish fed hydril la exhibited lowest 
{P < 0 05) ferti l izabihty, comparable to the value obtained m 
fish receiving 20% CP diet. Hatchabil ity (%) followed the trend 
of variations almost similar to that of fert i l izabi l i ty. Crude 
protein content m muscle increased wi th dietary protein level. 
Muscle protein was higher (P < 0.05) m fish fed 3 5 % CP diet. 
Hydril la-fed fish produced lowest (P < 0.05) value for crude 
protein. Muscle fat was comparable (P > 0.05) among fish 
receiving formulated diets. Higher (P < 0.05) fat content was 
observed in fish fed hydri l la. Ash content did not vary 
significantly (P > 0.05) among fish of different dietary groups. 
Moisture content in fish fed formulated diets, wi th the exception 
of 2 0 % CP diet, varied insignificantly (P > 0.05). Crude protein 
content in eggs was higher (P < 0.05) in fish fed 25, 30, 35 and 
4 0 % CP diets and lower (P < 0.05) in fish receiving 2 0 % CP or 
hydril la as diet. Fat content in the eggs of hydrl l la-fed fish was 
comparable (P > 0.05) with the values obtained for other 
dietary groups, excepting 3 5 % CP. Higher (P < 0.05) moisture 
content was noted In the eggs of hydrl l la-fed f ish. Fish fed 35 
and 4 0 % CP diets exhibited lower (P < 0.05) moisture than 
those fed hydri l la. 
Impact of polyhouse was examined on ovarian matur i ty , 
growth, muscle and egg composit ion In Indian major carps 
{Labeo rohita; Catfa catia) and Chinese carps 
{Ctenopharyngodon idella; Hypophthalmichthys molithx) during 
winter. Eight females (2+ age group) of each species, were 
stocked In polyhouse and outdoor concrete tanks (250 m^), In 
duplicate. Fishes were fed formulated diet ( 3 0 % CP) to 
apparent sat iat ion, twice daily, at 0900 and 1700 h. The trial 
lasted 122 days under natural photoperiod. Water temperature 
ranged between 19.0 ± 0.61 to 30.0 ± 0.98 °C In polyhouse 
and 14.8 ± 1.2 to 25.2 ± 0.84 °C In outdoor tanks. Weight 
increment and gonadosomatic index (GSI) were signif icantly (P 
< 0.05) higher In polyhouse-reared L. rohita and C. catfa. Total 
number of eggs/f ish obtained in L. rohita f rom polyhouse and 
outdoor tanks were insignificantly {P > 0.05) different. 
However, higher (P < 0.05) egg counts were recorded in C. 
catia from polyhouse. Number of eggs/g body weight was 
comparable (P > 0.05) for the two species reared in polyhouse 
and outdoor tanks. Egg diameter was larger (P < 0.05) in 
polyhouse-reared Indian major carps. Polyhouse-reared 
Chinese carps exhibited higher (P < 0.05) weight increment and 
GSI. However, insignificant (P > 0.05) variation was noticed for 
total number of eggs/fish and number of eggs/g body weight in 
these fishes from both the polyhouse and outdoor tanks. Egg 
diameter was larger (P < 0.05) in polyhouse-reared C. idefla 
and H. molitrix. It was seen that Chinese carps attained 
maturity about 2 weeks earlier than the Indian major carps. 
The stage of oocyte maturation varied between fishes reared in 
the two culture systems. Polyhouse-reared fishes possessed 
most oocytes (>70%) at migrating germinal vesicle stage, 
while those reared in outdoor tanks exhibited these at the 
central germinal vesicle stage. Muscle protein and fat contents 
were higher (P < 0.05) in polyhouse-reared Indian major carps. 
Ash content in muscle was comparable (P > 0.05) in L. rohita 
from both the tanks, but lower (P < 0.05) in polyhouse-reared 
C. catla. Moisture content in the muscle of polyhouse-reared 
Indian major carps was lower (P < 0.05). Muscle protein 
content was higher (P < 0.05) in polyhouse-reared C, idella but 
comparable (P > 0.05) in H. molitrix from the two tanks. These 
fishes contained significantly (P < 0.05) higher fat content 
when reared in polyhouse. Fishes from both the tanks showed 
comparable (P > 0.05) ash content in their muscle. Muscle 
moisture was significantly (P < 0.05) lower in polyhouse-reared 
Chinese carps. Poly house-reared Indian major carps and 
Chinese carps exhibited higher protein (P < 0.05) and fat (P < 
0.01), and lower (P < 0.01) moisture contents in their eggs. 
On the basis of the above findings, it may be concluded that 
soybean meal could replace fishmeal in diets for L rohita, and 
compounded diet could be used to rear the fish to marl<etable-size. 
Broodfish (/.. rohita and C idella) require a minimum of 25% 
dietary protein for improved reproductive performance. Polyhouse 
can be used during winter for achieving higher growth and 
advancement in the attainment of maturity in carps (/.. rohita; C. 
cat/a; C. idella; H, molitrix). 
